Characterization of locally produced abrasives and their influence on Grade 304l stainless steel by Ngalula, Laetitia Tshimanga
COPYRIGHT AND CITATION CONSIDERATIONS FOR THIS THESIS/ DISSERTATION 
o Attribution — You must give appropriate credit, provide a link to the license, and indicate if
changes were made. You may do so in any reasonable manner, but not in any way that
suggests the licensor endorses you or your use.
o NonCommercial — You may not use the material for commercial purposes.
o ShareAlike — If you remix, transform, or build upon the material, you must distribute your
contributions under the same license as the original.
How to cite this thesis 
Surname, Initial(s). (2012). Title of the thesis or dissertation (Doctoral Thesis / Master’s 
Dissertation). Johannesburg: University of Johannesburg. Available from: 
http://hdl.handle.net/102000/0002 (Accessed: 22 August 2017).    
CHARACTERIZATION OF LOCALLY PRODUCED ABRASIVES AND 
THEIR INFLUENCE ON GRADE 304L STAINLESS STEEL. 
Dissertation submitted in fulfilment of the requirements for the degree of 
MASTER TECHNOLOGY  
In 
PHYSICAL METALLURGY  
By 
LAETITIA TSHIMANGA NGALULA 
Student Number: 201707869 
Submitted to 
THE FACULTY OF ENGINEERING AND THE BUILT ENVIRONMENT 
UNIVERSITY OF JOHANNESBURG 
Supervisor: Mr Gregory Allister Combrink 




I, LAETITIA TSHIMANGA NGALULA declares that the contents of this thesis are my own 
unaided work.  It is submitted at the University of Johannesburg for the fulfilment of a Master’s 
degree in Physical Metallurgy at the Faculty of Engineering and the Built Environment.  I affirm 
that this thesis has not been submitted to any other University and Institution.  
Signed by Laetitia Tshimanga Ngalula Date: 01/07/2020 
ii 
DEDICATION 
I would like to dedicate this thesis to my parents, Chantal Keta and Pierre Musasa for their 
unconditional love and support. 
iii 
ACKNOWLEDGEMENTS 
I would like to thank God for giving me the health and strength to accomplish this thesis, 
I would like to thank my supervisor Mr Gregory Allister Combrink because this study would 
have not been completed without his advice, unconditional support and guidance. 
I would like to extend my thanks to my co-supervisor Mr Michel Wa Kalenga and the 
University of Johannesburg Metallurgy laboratory staff for their assistance. 
My sincere gratitude goes to my parents, brothers and my sister for their continuous support 
and love. 
I thank Mr Dylan De Rouwe (Storm Machinery South Africa) for helping me with the surface 
roughness and conductivity test, Mr Andre Huysamen (Blastrite) for providing the materials 
used in this research and all my friends and family members for their encouragement. 
iv 
PUBLICATION 
Tshimanga, N.L., Combrink, G.A. & Wa Kalenga, M. (March 2020).  Surface Morphology 
Characterization of Grade 304L Stainless Steel after Abrasive Blasting. International 
symposium on Nanostructured, Nanoengineered and Advanced Materials, (ISNNAM 2020). 
Materials Today Proceedings.  
AWARD
African Corrosion Conference (AfriCORR 2018): BEST STUDENT POSTER. 







Abrasive blasting is a mechanical surface preparation process that involves cleaning (removing 
old materials) and roughening the surface of materials before the application of any coating 
system.  During the process, various parameters are varied, i.e. abrasive type, blasting pressure, 
blasting angle and stand-off distance to achieve the desired surface for good adhesion and long-
lasting service life of the coating on the substrate.  Selection of the abrasive blasting media is 
key to the efficiency of the blasting process and attention should not be paid only on the cost of 
the abrasive media, but also on the surface finished target as well as the productivity, 
environmental and health issues. 
In the current study surface preparation of new stainless steel 304L with four different locally-
produced abrasives, i.e. garnet, aluminium oxide, steel grit and platinum grit, were performed 
at constant blasting process parameters (pressure: 7 bar; angle 90 and standoff-distance 31 cm).  
The objective was to characterize the different abrasives by determining their shape, size, 
composition and cleanliness, and evaluate the effect of these abrasives on the blasted stainless 
steel 304L surface’s characteristics.  This included the surface profile produced, surface 
contamination, particle embedment, corrosion behavior and the adhesion of the subsequent two-
component zinc-phosphate epoxy organic coating.  The abrasive shape, size, composition and 
cleanliness was characterized by scanning electron microscopy, sieve analysis, X-Ray 
fluorescence spectroscopy and conductivity respectively.   
The surface profile parameters (Sa; Sq; Sz; Sp; Sv; Spd) were measured over the blasted surfaces 
with a PosiTecto RTR profile gauge using the replica method and surface 3D images of some 
area of the surfaces were generated.  The shape and size of abrasives regulated the degree and 
level of the surface irregularities.  The greater surface area was obtained with the use of steel 
grit and aluminium oxide abrasives.   
The surface contamination on the different blasted surfaces was evaluated with the PosiTector 
SST gauge using the Bresle adhesive patch method and substrate embedded abrasive with the 
scanning electron microscope.  Abrasive hardness and shape affected the particle embedment 
level and surface contamination was influenced by both abrasive soluble salts content and the 
embedding of particles.  The use of platinum grit produced the highest degree of embedment 
and a higher level of salts contaminant was found on surface blasted with aluminium oxide and 




The electrochemical corrosion characteristics of the different roughened surfaces were assessed 
by the potentiodynamic polarization technique in 3,5% NaCl.  The corrosion results obtained 
revealed that abrasive blasting increases the corrosion properties of the grade 340L stainless 
steel and the highest corrosion rate was measured on the surface blasted with steel grit. 
Furthermore, the adhesion strength over the coated surface was measured with a PosiTest      
AT-M pull-off adhesion tester machine.  Good adhesion properties were obtained on greater 
surface area generated.  The overall performed test with results obtained demonstrated that 
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When considering the use of organic coatings for corrosion protection, the optimal cleanliness 
and roughness of the substrate surface prior to it being overcoated plays an important role in 
obtaining the necessary adhesion of the organic coating.  For good adhesion to occur, the 
coating and substrate must not be separated by more than approximately five angstroms.  Any 
contaminants present on the substrate surface will interfere with this and increase the separation 
distance resulting in the subsequent reduction of adhesion between the coating and the substrate.  
Also, as adhesion is related to various forces between the substrate and the coating, the adhesion 
strength is directly proportional to the contact area between the two materials.  The forces that 
develop between the coating and the substrate come into being from several origins such us 
mechanical, chemicals or electrostatic and they are widely described in the next chapter [1]. 
 
The proper choice and correct execution of the surface preparation technique can remove 
contamination on the material surface and can also dramatically increase the surface area for 
adhesion to take place.  The successful removal of contamination on the surface after surface 
preparation is equally significant for good corrosion resistance.  Various methods are applicable 
for surface preparation but the selection of which method to use, depends on many factors like 
the location of the job, the initial condition of the surface, the degree of its cleanliness, the 
profile created on the substrate and the environmental constraints [2]. 
 
Abrasive blasting is a surface preparation operation widely used in many industries.  The 
process consists of projecting small particles at high velocity onto the surface that is being 
prepared and if performed correctly will remove many substrate contaminants such as rust, old 
paint, mill scale and many other possible contaminants.  Another prime function of the process 
is to produce a surface profile or “roughness” that will ensure strong mechanical bonding of the 
coating by increasing the surface area [3].  Figure 1 shows the effect of abrasive blasting on a 
surface material.  (a) an unblasted surface, (b) surface during the blasting operation and (c) a 





Figure 1. Effect of abrasive blasting on surface profile. (a) unblasted surface, (b) 
surface during the blasting operation and (c) blasted surface [4]. 
 
Depending on the coating to be applied and the type of service environment a material is going 
to be subjected to, professional industrial organizations (the society for protective coatings, the 
NACE and the international standards organization) have established four grades of surface 
finishes that range from 100 % removal of surface contaminants to removal of only loose 
materials.  The four grades of cleanness described by the Steel Structure and Painting Council 
(SSPC) [5] are: 
 
• SSPC-SP 5 - White metal finish: which is complete removal of miscalls, paint and all 
visible rust. 
• SSPC-SP 10 - Near white metal finish: which is the blast cleaning until 95% of the 
surface area is free of all visible contaminants. 
• SSPC-SP 6 - Commercial finish: which is a blast cleaning until 67% of the surface area 
is free of all visible contaminants. 
• SSPC-SP 7 - Brush-off finish: which is the blast cleaning of all except tightly adhering 
contaminants. 
In many applications, the bond strength generally increases with the degree of the surface 
cleanness and roughness, but excessive roughened surfaces can increase the probability that 
voids will be left at the interface of the surface and that may result in premature coating failure.  
And, the deeper the surface profile is, the more coating is required to fill it and achieved the 
correct dry film thickness depending upon the ability of the wet coating to flow under the 
prevailing conditions.  Thus, it is important to properly control the roughness and uniformity of 




Generally, coating manufacturers specify the type of surface roughness or profile and the 
surface finish required for their coating to perform as they claim.  To achieve these 
requirements, during the planning of the blasting operation, the abrasive’ s properties and 
various blasting process parameters are selected to obtain these desired blasted surface 
conditions.  Some of these key parameters are; the blast pressure and abrasive flow rate, the 
standoff distance, the blasting angle and the blasting time.  
 
Abrasive blasting is frequently applied to a wide range of materials substrates for surface 
preparation and in all cases, the efficiency of the process is evaluated by the abrasive 
consumption, productivity achieved, and the atmospheric emissions produced: 
 
• Consumption: the amount of abrasive used (kg) to blast a specific area (m2) 
• Productivity: the area cleaned (m2) to the required cleaning standard per unit time (hour) 
• Atmospheric emission: the measure of emission from the blasting process in the form 
of particulate (spent abrasives and removed surface contaminant dust) and gaseous 
pollutants. 
On in-situ industrial infrastructure coating projects, the blasting operation is mostly carried out 
manually and with little or no calibration of the process parameters.  Considerable research has 
been conducted on the performance factors from the blasting operation [6, 7].  However, 
relatively little information is available on the effect and evaluation of the optimum blasting 
parameters to realistically achieve a surface profile required for a specific type of painting [8-
12].  Bobzin et al [11] studied the effect of four blasting process parameters, i.e., standoff 
distance, blasting pressure, blasting angle and the particle size of three different blasting media; 
alumina-zirconia, corundum and steel shot on the surface roughness of carbon steel plate.  Their 
results show how the roughened surface’s sharpness was influenced by the variation of the 
blasting process parameters with the blasting pressure strongly affecting the particle velocity 
that led to an increase of the roughness (Ra and Rz) values.  S. Salavati et al [10] studied the 
effect of some grit blasting process parameters on the surface characteristics and adhesion of 
open-cell nickel foam.  Their results showed that the blasting pressure and standoff distance 
were the most significant factors that affected the texture of the surface and that the greater 
surface deformation led to better adhesion.  Most of the literature on the effect of the blasting 




available data is subjective and cannot be applied to all types of substrate materials and 
abrasives.  
1.2.  Problem statements 
 
Nowadays, waste and pollution are the main concern through the world and corrosion can be 
reported as a source of waste.  The corrosion process involves various mechanisms and occurs 
in several diverse environments.  One of the latest surveys conducted in 2015 shows that the 
direct annual cost of corrosion is estimated to US$ 4 trillion worldwide and that is about 4% of 
the nation’s gross domestic product (GDP) [13]. 
 
Countering corrosion often calls upon the corrosion specialist to take the kinetics into 
consideration when applying anti-corrosion practice.  Organic coatings are one of the most 
economical methods for corrosion protection and in many instances how well the coating 
adheres to the surface will determine its performance in retarding corrosion of the underlying 
substrate.  Thus, surface preparation is one of the key factors to ensure the durability of coatings 
and materials. 
 
As abrasive blasting is one of the most effective methods used for surface preparation, abrasives 
are often chosen based on costs and the job specifications.  Several types of abrasives with 
different properties can be typically used to modify (roughen) the surface.  But blasting 
industries need a way to know that a particular abrasive can achieve an average range of the 
surface profile for a specific type of coating at particular process parameters conditions so that 
they will use the abrasive at those blasting operation conditions to lower the cost and increase 
the productivity. 
 
Investigation of the effect of many abrasives has been evaluated in the past for obtaining a 
modified surface for a specific type of organic coatings.  However, it has not been done for 
locally sourced abrasives and this cannot be achieved with the available literature for all 
abrasives.  Thus, the goal of this research is to characterize some of the locally manufactured 
commercially available abrasives, to classify them into a comparative grade of performance 
ability of a specific protective coating system and to evaluate the corrosion resistance and 






1.3.  Aim and objectives 
 
The aim of this research is to evaluate the effect of four types of the locally sourced abrasives, 
i.e. garnet, aluminium oxide, steel grit and platinum grit at specific blasting process parameters 
(blasting pressure, time, distance and angle of impact) on grade 304L stainless steel.  
 
The objective includes: 
 
1. To characterize the different locally-produced abrasives.  
2. To evaluate the effect of these abrasives on the surface profile, surface 
contamination and embedment.  
3. To evaluate the corrosion behaviour of the different blasted surfaces and  
4. To evaluate the adhesion properties of a two-component zinc-phosphate epoxy 
paint on the different blasted surfaces. 
 
1.4.  Hypothesis statement 
 
After the blasting operation, a substrate is expected to produce a good texture (as a standard for 
the acceptance of the painting system) and the quality of the blasted surface depends on the 
abrasives chosen, the process control parameters and a well-trained operator.  These controls 
include mainly the monitoring of the blasting pressure, blast angle, standoff distance, blasting 
time and abrasive feed rate. 
 
1.5.  Research constraints 
 
The present research is restricted to only the variation of four selected types of locally-produced 
abrasives which are: platinum grit, aluminium oxide, steel grit and garnet.  Since the other 
process parameters (blasting pressure, distance and angle of impact) and the difference in the 
size of a single type of abrasive were not considered, there will be a need for further 
investigation. 
 
1.6.  Significance 
 
This research work will enlarge the research activities related to the abrasive blasting process 




blasting industries to understand the surface roughness changes and blasted surface condition 
from the variation of different types of abrasive.  
 
1.7.  Scope and organisation 
 
Chapter 1: Introduction.  The background, problem statements, objectives, hypothesis 
statement, research constraints and significance of the research are presented. 
Chapter 2: Literature review.  This chapter describes the abrasives blasting process and 
contains a review of previous work on the effect of essential blasting process parameters 
(abrasives type and its properties, blasting pressure and abrasive flow rate, nozzle type and size, 
blasting angle and blasting time).   This chapter also includes a description of materials used 
for this research (grade 304L stainless steel and different abrasives). 
Chapter 3: Experimental procedure.  Describes the operating procedure that was conducted 
to characterize and evaluate the performance of different abrasives, the corrosion characteristics 
of the different roughen surfaces and the adhesion of a two-component zinc-phosphate epoxy 
paint. 
Chapter 4: Results and discussion.  Data collected from the experiments are presented and 
analysed in this chapter.  
Chapter 5: Conclusions.  Conclusions of the research are presented in this chapter and ideas 
















2.1. Introduction to corrosion  
 
Corrosion is defined as a deterioration of a material because of its reaction with the environment 
[14].  It is a complex process that is controlled by the underlying thermodynamic and kinetic 
factors.  Understanding the causes of initiation and propagation of corrosion as well as the 
methods of preventing and controlling its degradation can conserve resources.   
 
As most corrosion processes occur through electrochemical reactions that usually take place at 
the interface between the material and its environment, there are four basic elements that enable 
the corrosion process to occur.  These are:  
1. Presence of an anode; 
2. Presence of a cathode;  
3. An electrolyte and  
4. An electron conducting path that completes the electronic circuit.  
By considering a reaction of metal (M) in a hydrochloric acid environment (equation 1.1).  
                                       𝑀 + 2𝐻𝐶𝑙 → 𝑀𝐶𝑙2 +  𝐻2                                                         (1.1) 
This reaction can be represented by two half-cell reaction: 
• Oxidation: where the metal is oxidized, and the electrons are generated at the anode 
(equation 1.2) and 
 
Anodic reaction:  𝑀 →  𝑀2+ + 2 𝑒ˉ                                                                       (1.2) 
 
• Reduction: where hydrogen is reduced, and the electrons are consumed to generate 
hydrogen gas at the cathode (equation 1.3) 
 




In a corroding metal system, the cathodic and anodic half-reactions symbiotically depend on 
each other and form an electrochemical cell.  From the thermodynamics, the potential of an 
electrochemical reaction is a measure of the Gibbs free energy (equation 1.4).  
                                             ∆ 𝐺 =  ∆𝐻 − 𝑇∆𝑆                                                                (1.4) 
Where:  
∆G = The change in the free energy of a system; 
∆𝐻 = The enthalpy changes of a reaction; 
T = The temperature; 
∆𝑆 = The entropy changes of a reaction. 
The potential of the galvanic cell depends on the concentration of products and reactants of the 
half-reaction and on the pH of the solution.  This potential is related to the Gibbs free energy 
by the Nernst equation (equation 1.5) [15]. 
                                                  𝐸 =  𝐸°
𝑅𝑇
𝑛 𝐹
ln 𝑄                                                                 (1.5) 
Where:  
E = The cell potential at non-standard state conditions; 
E˚ = The cell standard state cell potential  
R = The perfect gas constant (8.31 J/mole K) 
n = Number of moles of electrons transferred  
F = Faraday’s constant (96, 485 C/mole é) 
Q = The reaction quotient. 
The application of thermodynamics to corrosion is used to determine whether corrosion can 
occur and to predict the stable corrosion products that will form.  This is generalized by potential 
(E) vs. pH diagrams developed by Marcel Pourbaix.  Such diagrams are constructed from 
calculations based on the Nernst equation and the solubility data of different metal components 
where metals, oxides, and ions are both stable and unstable and are separated from each other 
by the defining electrochemical (V) and chemical (pH) properties.  Figure 2 illustrates the 





Figure 2. Pourbaix diagram of iron, chromium and nickel (i.e. austenitic stainless steel) 
at 573 K (300° C) with soluble iron, chromium and nickel species at concentration of 
10-5 M and with the most common stable oxides species present [16]. 
 
Because the potential-pH diagram is the result of thermodynamics calculations, they do not 
provide any information on the reaction rates.  To understand the rate of corrosion, several 
electrochemical principles are required.  The fundamental kinetic property of the 
electrochemical reaction is the exchange current density i0 also referred as the corrosion current.  
The basic expression that describes i0 is the Faraday’s law (equation 1.6) [16].  
 






                                                       (1.6) 
 
Where:  
rred and roxid are equilibrium reduction and oxidation rates respectively.  
m = The mass reacted  
A = The measured current 
t = time 
i0 = The exchange current density 
a = The atomic weight 




F = Faraday’s constant (96, 485 C/mole é) 
In this case, where anodic and cathodic currents are equal, the corrosion potential of the metal 
is defined by the intersection of the anodic and cathodic polarization curves.  Figure 3 illustrates 
a schematic of the polarization curve showing the corrosion potential 𝑬𝒄𝒐𝒓𝒓 and the corrosion 
current density 𝒊𝒄𝒐𝒓𝒓 [17].  
 
Figure 3. Schematic polarization curves showing Ecorr and icorr [17]. 
 
From the corrosion current density, the corrosion rate in millimeter per year can be calculated 
following the equation (1.7) below:  
                         Corrosion rate (mm/y) = 
0.13 𝑥 Icorr 𝑥 (𝐸.𝑊.)
𝑑
                                               (1.7) 
Where:  
Icorr : The corrosion current (μA/cm
2) 
E.W.: The equivalent weight of the corroding specimen and 




By retarding either the anodic or cathodic reaction, one can reduce the rate of corrosion and this 
can be achieved in several ways.  Conditioning the metal by applying a protective coating is 
one of the ways to retard the corrosion process. 
2.2. Corrosion prevention by organic coatings 
 
The purpose of organic coating on surfaces is not only to provide good decorative properties 
but also long-lasting protection for resistance to weathering and chemicals.  Corrosion 
protection by coating is one of the most widely methods used for corrosion control.  This 
consists of applying the coating to a surface as a liquid which subsequently dries to form a 
protective film that block the penetration of moisture, gaseous species and/or ionic species to 
the reactive substrate.  An unbroken (perfect) coating on the surface of the metal will isolate 
the electrolyte from the anode and cathode so that the current cannot flow.  Thus, no corrosion 
will occur as long as the coating remained intact.   
 
2.2.1. Composition of organic coatings 
 
Generally, organic coatings are made up of at least four components, these are: (i) binder, (ii) 
pigments, (iii) solvent and (iv) additives.  In addition to these, there may be inhibitors added to 
improve the properties of the paint [18].   
• Binder: Binders are usually resins or oils.  The character of the binder has the greatest 
impact on the performance of the coating in terms of chemical resistance, permeability 
and hardness. 
 
• Pigments: Pigments are composed of tiny solid particles that are added to the paint to 
not only provide colour and an aesthetic look but also to provide a protective function 
with regards to the binder (which can be destroyed by UV light) and with regards to the 
surface covered by the paint.  In addition, pigments determine the opacity of the paint 
and also improve the coating adhesion.  For a pigment to be effective, it must be 
homogeneously dispersed within the binder and be in contact with the solvent. 
 
• Solvents: Solvents are generally volatile organic liquids used to ensure an even mixing 





• Additives: Additives are small amounts of different chemical substances that improve 
specific paint properties. 
2.2.2. Adhesion of organic coating 
 
Adhesion of organic coating refers to the ability of coatings to bond to a substrate throughout 
its desired life.  The adhesion properties of the coatings are related to the corrosion behaviour 
that is developed underneath the paint.  When the paint does not possess good adhesion to the 
substrate, the underside (facing the substrate) of the coating will lead to the formation of 
localized pockets of electrolytes which can promote corrosion.  And when corrosion occurs the 
loss of adhesion of the paint will ensue.  Adhesion is based on adhesive forces that take place 
at the interface of adhesives and adherents.  To describe the mechanisms of adhesion, different 
theoretical models have been formulated [19]:  
• Chemical bonding theory,  
• Mechanical bonding theory,  
• Electronic theory,  
• Adsorption (thermodynamic) theory,  
• Diffusion theory and  
• Theory of boundary layers and interphases. 
Figure 4 schematically illustrates various adhesion mechanisms and its causes [20].  The extent 
of the role of each mechanism would vary for different systems.  The four main adhesion 
theories proposed that describe the phenomena of coating adhesion to substrates are briefly 
described below: 
2.2.2.1. Chemical bonding theory 
 
The chemical bonding theory attributes the formation of the adhesive bond, a reaction that 
results from attractive force existing between atoms and molecules.  In general, there are four 
types of interaction that occur in chemical bonding: covalent bonds, ionic bonds, hydrogen 
bonds and Lifshitz – Van der Waals forces.  The exact nature of the interactions for a given 






Figure 4. Mechanisms of adhesion [20]. 
 
 
2.2.2.2. Diffusion theory 
 
The diffusion theory is related to adhesion between two materials (adhesive and adherend) by 
interdiffusion at the molecular level.  This generally requires mobility of the molecules at the 
interfacial zone of both adhesive and adherend but also mutual miscibility and similar solubility 
parameters. 
 
2.2.2.3. Adsorption theory 
 
The adsorption theory describes adhesion as a result of intermolecular attraction between two 
materials and the surface forces that develop between them.  The first important factor in the 
bond strength according to this theory is to develop interfacial forces between adhesives and 
the substrates followed by the wetting process that establishes a continuous contact between the 
adhesive and adherent.  In the practical sense, to wet a solid substrate, the critical tension of the 





2.2.2.4. Mechanical theory  
 
The mechanical theory of adhesion is based on the ability of adhesives to penetrate the surface 
irregularity of microscopic extent such us cavities, pores and other asperities.  As the 
microscopic scale is the parameters of interest in mechanical adhesion, surface roughness is the 
means by which adhesion is thought to work.  Enhancement of adhesion after roughening the 
surface is due to increase the surface contact area and to form a clean surface that is highly 
reactive.   
There is supportive data in the literature that link the surface roughness to adhesion strength 
through experimental investigation.  Some authors related the increase in roughness to high 
joint strength and bond durability whereas others to a low joint strength [21-24].  Griffiths et al 
[23] investigated the influence of different roughness parameters on the adhesion strength after 
grit blasting with alumina particle.  They found that the average roughness (Ra) increases with 
the adhesion in an approximate manner (but there is an optimal valley spacing for maximum 
adhesion) and that after a further extended roughness range, the adhesion curve becomes so 
extreme as the profile height exceed the coating thickness.  Figure 5 shows the effect of average 
roughness on coating adhesion. 
 




2.3. Surface preparation 
 
Surface preparation prior to adhesive bonding is a key factor in the life and effectiveness of a 
coating.  The selection of the surface preparation method for a specific type of adherent requires 
careful evaluation because several factors influence the choice of the surface preparation 
method.  Proper surface preparation should ensure that there is not the weakest link at the 
interface adhesive-to-adherent.  Table 1 listed the different methods of surface preparation 
according to the society for protective coating [5]. 
 
Table 1. Surface preparation methods [5] 
Methods Description 
Chemical cleaning (SSPC-SP 1) 
This process involves the removal of grease, 
oil, dirt and other foreign materials by using 
organic solvents and detergents. 
Tool cleaning (SSPC-SP 2/ SSPC-SP 3) 
This method involves the removal of loosely 
adhering mill scale, rust and old paint using 
hand tool cleaning (hand wire brushing, 
chipping, scraping) or power tool cleaning 
which include rotary wire brushes, sanding 
discs and needle guns.  
Pressure water cleaning (SSPC-SP 4) 
This method uses fresh water to clean and 
remove any loose paint, salts and other 
contaminants. 
Abrasive blasting cleaning (SSPC-SP 5) 
This method is widely used and the most 
effective to remove old paint, rust, mill scale 
and impurities based on the principle of an 
abrasive jet of particles in a compressed air 
stream.  This is the method used for this 






2.4. Introduction to abrasive blasting 
 
Abrasive blasting process was first used for industrial purpose by Benjamin Tilghaman on 
October 18, 1870, to improve the cutting and engraving of wood, glass, metal, and others solid 
materials by means of a stream of sand or grains of quartz using any suitable method of 
propulsion [25].  With the expansion of applications in the steel industry, foundry industry and 
corrosion protection industry, the blasting process continued to evolve with a combination of 
other types of equipment and the use of more abrasives to enhance the safety of workers and 
improve the control and efficiency of the process.   
Today, abrasive blasting is a process used in a wide range of applications for many diverse 
purposes.  The three more relevant applications are: surface preparation (preparing surface for 
coating), surface finishing (improving appearance and utilisation of materials) and surface 
compression (increasing life of high-stress components).  In both cases, the process produces 
stock removal and affect simultaneously the working surface layer due to the impinging action 
of abrasives [26].  An application example of the blasting operation for surface preparation of 
a ship is shown in Figure 6 [27]. 
 
 





2.4.1. Blasting methods 
 
Abrasive blasting can be defined as a mechanical process by which an abrasive is propelled at 
high speed against the substrate being blasted.  They are two types of dry blasting propulsion 
system:  
• Airless blasting (mechanical wheel) and  
• Pneumatic blasting propulsion method.  
 
An airless blasting system delivers abrasive by means of a mechanical wheel which propels the 
abrasive to the surface being blasted while the pneumatic blasting uses compressed air to 
accelerate an air stream combined with abrasive to blast the surface and this method uses either 
suction blast or pressure blast as the operating principle of blasting [28].  
 
Suction blasting utilizes a method of drawing abrasive from a non-pressurized container into a 
gun chamber and propelling abrasive particles out of a nozzle combined with the compressed 
air by venturis actions.  The advantages of the suction operation include a lower air volume 
requirement, a lower initial and operation cost. 
 
In the pressure blasting, abrasive and air, travel through a single blasting hose at high air 
pressures and at rapid speeds.  The advantages of the pressure operation include a high 
production, better cleaning ability and is more productive than the suction operation [29].  










2.4.2. Abrasives materials 
 
The abrasive used for the blasting process varies based on the work requirement.  There is 
various types of abrasives materials and they do not produce identical results on surfaces.  The 
different properties of each abrasive such as: size, density, shape, hardness and friability play 
an important role in selection for the blasting operation.  Basically, abrasives are grouped in 
three different categories: natural, by-products and manufactured [31]. 
Natural abrasives are Earth materials.  This category of abrasive includes; mineral sand, garnet, 
silica sand, zircon and similar mineral products.  All these abrasives possess good cutting 
abilities and they are recommended for use in an enclosed blasting system because of their high 
composition of hazardous elements (i.e. silica) except for garnet. 
 
By-products abrasives classification includes agricultural products that are proved to be very 
effective as blast cleaning materials.  Two of the most popular agricultural media on the market 
are walnut shell and corncob.  Agricultural media are generally the softest abrasive and they 
are acceptable for light blasting application where surfaces have to be cleaned (removal of paint 
and other contaminants) without being deformed. 
 
Manufactured abrasives category has a variety of processed metallic and non-metallic materials 
with diverse compositions and physical features.  Typically, metallic abrasives used are iron 
and steel.  Non-metallic used are aluminium oxide, silicon carbide, glass bead and plastic.  
 
2.4.3. Blasting equipment 
 
The main components used in any kind of dry blasting system are; the compressed air source, 











The air compressor is a critical part of the blast cleaning system because its energy generation 
rules the capacity of work that should be done on a given surface area.  The pressure and volume 
of the compressed air work together and affect the velocity of abrasive at the nozzle thereby 
determining the blasting productivity.  In any blasting operation system, the volume of air 
should be able to accommodate the pressure otherwise the desired pressure at the nozzle will 
not be obtained.  For example, a 9,5 mm nozzle requires approximatively a compressor with a 
capacity of 33 kw providing 5,6 m3/min to obtain a pressure of 7 bar at the nozzle. 
 
2.4.3.2. Blasting pot 
 
The blasting pot is the main component of the blasting system that controls and holds the 
abrasives.  There are several integral parts of the machine that make it sizeable in differences 
to meet safety regulations and productivity, and its pressurized vessel must be according to the 
ASME standards.  The important parts of the blasting pot are; the hopper, a concave head 
section for feeding the abrasive into the blasting pot; an automatic pop up valve that opens when 
the compressor is turn off and closes when the pressure is not realised; a conical bottom of the 
blasting pot for continuous flow of abrasives into the compressed air stream and a metering 




2.4.3.3. Air and blasting hose 
 
The air hose is used to connect the compressor to the blasting pot and the blasting hose to 
convey the abrasives and compressed-air mixture from the blasting pot to the nozzle.  The 
diameter and the length of the hoses must be suitable to prevent excessive pressure drop which 
can decrease the process efficiency.  
 
2.4.3.4. Nozzles  
 
The nozzle is the device that accelerates abrasives and air mixture forwards the surface to be 
blasted.  The nozzle selection depends on; the nozzle material required, its inside diameter, the 
nature of the surface finishes to be achieved and the capacity of the compressed air. 
 
2.5. Effects of blasting cleaning parameters on the surface roughness 
 
Abrasive blasting is a process with numerous variables that impact its performance.  During the 
blasting process, abrasive particles are propelled to the substrate at high speed by creating sharp 
defects or undulations corresponding to micrometers scale onto the surface substrate.  These 
irregularities define the surface roughness or surface profile which should be characterized.  
According to the standard for coating application, the surface roughness and surface profile are 
considered to be the main properties influencing the coating performance.  ISO 8503-1 standard 
[33] outlines the different methods to evaluate the surface roughness and surface profile 
characteristics of the blast-cleaned steel substrate.  Among them are: 
• The microscope  
• Visual profile comparator 
• Stylus instrument and  
• Replica method 
Based on all the method cited above, the roughness and profile parameters are characterized by 
the measure of 2D and 3D parameters subdivided into different groups:  
• The amplitude parameters: these parameters measure the vertical characteristics of the 
surface irregularities and they are the most parameters used to characterize the surface 
topography (e.g. Ra and Sa (the average roughness/profile); Rq and Sq (the root mean 




height peaks);. Rv and Sv (the maximum dept of valleys); Rsk and Ssk (the Sknewness of 
a profile); Rku and Sku (the Kurtosis coefficient); 
• The spacing parameters: these parameters measure the horizontal characteristics of the 
surface irregularities (e.g. Pc and Sspd (the peak count/peak density); Sm (the mean 
spacing at the mean line); rp (the mean radius of asperities); 
• The hybrid parameters: these parameters are the combination of the amplitude and 
spacing parameters (e.g. lo: the relative length of the profile) 
 
There are many blasting parameters that lead to changes in the surface roughness and the surface 
profile by abrasive blasting.  Some of these process parameters are: abrasives types and their 
properties, blasting pressure, nozzle type and size, stand-off distance, blasting time, blasting 
angle and the surface finished requirement.  Every blasting application is unique and proper 
adjustments are necessary to accomplish a safe and efficient blasting operation.  The following 
paragraph describes briefly the effect of each blasting parameters on the surface profile. 
 
2.5.1. Abrasives 
The abrasives types and their properties (size, shape, density, hardness, friability and 
cleanliness) affect the quality of the blasted surface, the consumption and the productivity of 
the blasting operation. 
2.5.1.1. Abrasive size 
The size of abrasives is express in different units based on their average particle size diameter. 
Fine particles are often measured in nanometres and coarse particles in millimeters or inches.  
The size of abrasive is commonly characterized by sieve analysis, dividing the particle into 
several size ranges.  Blasting with coarser abrasives particles brings more kinetic energy to the 
work surface and result in a deeper surface profile than the smaller ones. But blasting with small 
particles provide better coverage, result in a more uniform profile and a faster cleaning 
operation [34].  The positive effect of smaller abrasive on the cleaning rate studied by Bae et al 
[35] is shown in Figure 9.  This illustrates a trend of cleaning rate and abrasive particle size for 
the removal of epoxy coating on steel substrate with steel grit abrasive.  It can be seen that the 





Figure 9. Influence of steel grit abrasive particle size on relative cleaning rate [35]. 
 
Mellali et al [36] studied also the influence of abrasive particle size and other blasting process 
parameters on the surface profile.  They blasted three different types of materials:  aluminium 
alloy (AU4G), cast iron (FT25) and carbon steel (100C6) with white alumina grits of 0,5; 1 and 
1,4 mm diameters at a blasting pressure of 0,3 MPa and a blasting distance of 130 mm.  They 
found that the abrasive particle size was the most important parameter influent on roughness 
and that the roughness average (Ra) value increased by increasing the abrasive particle size.  




Figure 10. Influence of alumina grit size (0, 5; 1 and 1, 4) on the Ra for three 




2.5.1.2. Abrasive shape  
 
The abrasive shape is not a well-defined standard property and the shape parameters are 
generally characterised by different volumetric factors to evaluate the approximate geometrical 
forms of abrasives.  Several studies have been carried to characterize the particle shape using 
various numerical descriptions.  Table 2 shows the shape parameters of four factors used to 
describe the geometrical form of abrasives with their diagrams of determination: Sr represents 
the roundness factor, Sp the circularity factor and Fo represent the sphericity factor.  The value 
of each factor ranges from zero for a very angular particle to one for an ideal spherical particle 
[37].  
 

























Practically, there is two basic definitions of abrasives shape used for blast cleaning operation: 






Figure 11. a. Angular abrasive and b. Spheroidal abrasive [37]. 
 
 
The shape of abrasive impacts on the productivity more than any of the other abrasive properties 
and affects how deeply it cuts the substrate surface.  Angular particle abrasives cut through 
heavy surface layers coatings and corrosion products by producing deeper and sharper anchor 
patterns whereas spheroidal particle abrasives work well to remove mill scale and light 
contaminations by producing a shallower profile [38].  Figure 12 illustrates the impact of 












2.5.1.3. Abrasive density 
 
Equation (2. 1) illustrates the two parameters used to define the density of an abrasive: bulk 
density and apparent density.  The bulk density represents the volume mass of a group of single 
grains and apparent density, the ratio between mass and volume of an individual abrasive grain.   
                                                       𝜌𝑃 =  
𝑚𝑃
𝑉𝑃
                                                                   (2. 1) 
 
Where: 𝜌𝑃  The apparent density 
             𝑚𝑃  The mass of an individual abrasive grain and  
            𝑉𝑃 The volume of an individual abrasive grain. 
 
The density of the abrasive has a greater impact on the consumption thereof.  Dense particles 
impact unto the substrate surface with greater kinetic energy and thus increase the production 
rate compared to less dense particles, resulting in less deformation but with a deep surface 
profile.  Figure 13 shows the impact of particle energy on a surface [39].  
 
 
Figure 13. Schematic of particle energy impact onto a surface showing the influence 
on modification of the substrate surface [39]. 
 
2.5.1.4. Abrasive hardness 
 
The hardness of abrasives is usually estimated by the Mohs hardness test.  This test is based on 
a scale of ten minerals with talcum being the softest and being assigned the value of 1 and 
diamond being the hardest and being assigned the value of 10.  The other minerals are ranked 
in between the two extremes. Table 3 below illustrates the Mohs scale [40].  The hardness of 
abrasives defined its durability and the harder the abrasive particles are, the deeper they will 
impact on a surface and will thus perform better on difficult cleaning surfaces, whereas softer 




Table 3. Mohs scale [40] 













2.5.1.6. Abrasive friability 
 
The friability of an abrasive refers to the breakdown factor of its particles, which can determine 
the number of times it can be reused.  The breakdown of abrasives particle is due to its impact 
on the substrate surface and the probability of fracture depends on the impact velocity, its 
impact angle, the particle diameters, its internal faults and brittleness.  Figure 14 shows two 
fracture zone that can be distinguished on a particle [37]: 
 
• First zone: where the fracture is due to high-velocity stress on the impact by creating 
waves that travel through the particle. 






Figure 14. Abrasives fracture zone [37]. 
 
2.5.1.7. Abrasive cleanliness 
 
The cleanliness of abrasives defines all the impurities mixed or present in the abrasive particles 
that can deteriorate the efficiency of the blasting operation.  These impurities include soluble 
salts, non-abrasive solid residues and oil.   Generally, non-abrasive solid residues are easily 
removed during the abrasive manufacturing process.  However, for oil and soluble salts, 
chemical analysis and conductivity measurement are always recommended before the blasting 
operation to quantify these impurities.  Because the presence of oil and salts get transfer to the 
surface being blasted by affecting the adhesion performance and the durability of the coating.  
This will be discussed in more detail in the next section of this chapter. 
 
2.5.2. Blast pressure and abrasive flow rate  
 
The blasting pressure (pressure of propelling air at the blasting nozzle) determines the velocity 
of the abrasive’s particles.  In general, increasing the blasting pressure increase the abrasive 
flow rate and thus the roughness of the substrate being blasted because at higher pressures, 
particle rebound rate is higher resulting in a lesser mass flux of particles reaching the substrate 
as the ones rebounding collide with new incoming particles.  This causes a loss of momentum 
and energy at the incoming particle that can subsequently interact with the substrate surface.  It 
is thus important to maintain an optimum blasting pressure through the blasting operation 
because lower pressure can lead to more consumption of the abrasives and decrease the 
productivity.   D. Sen et Al [41] studied the effect of blasting pressure on the grit velocity and 
the roughness on mild steel substrate blasted with alumina grit of two different sizes.  Figure 
15 illustrates the effect of blasting pressure on grit flow rate and Figure 16 the effect of blasting 





Figure 15. Variation of grit velocity as a function of blast pressure for two grit sizes 
(D=231 and 427 um) [40]. 
 
 
Figure 16. Variation of the roughness (Ra) as a function of blast pressure for two grit 





2.5.3. Nozzle type and size 
 
The nozzle type and size have an important effect on the final surface appearance and the 
productivity of the blasting process.  Common nozzle materials used are made with tungsten 
carbide, boron carbide or silicon carbide due to their superior wear resistance.  The boron 
carbide nozzle provides a long nozzle life with the optimum air flow and pressure and it is 
suitable for highly aggressive abrasives (angular big size abrasive with very sharp edges) while 
the tungsten carbide offers a more cost-effective option.  The five different nozzle types are 
represented in Figure 17 below [42]: 
 
 





The straight bore nozzle shows in the first image (number 1), has a constant delivery side orifice 
diameter for the whole nozzle and it is suitable for smaller jobs as it creates a tight blast pattern.  
The venturi bore nozzle represents in the second and third image (number 2 and 3) are the best 
choice for greater productivity because of its geometry: the converging part of the nozzle 
increase the abrasives velocity and the diverging part of the nozzle help to create a wider blast 
pattern.  
The double venturi and wide throat nozzle (number 4) is the enhanced version of the long 
venturi nozzle size.  The gap in this nozzle type allows extra air to enter the nozzle via venturi 
action minimizing the loss of abrasives by increasing the blast pattern significantly. 
The wide throat nozzle (number 5) increases the blast pattern compare to the smaller throat 
nozzles and can be used at higher pressure.  Thus, increasing particle momentum. 
The size of the nozzles can typically vary from having exit diameters of 6,5 mm up to 12,5 mm 
and this can affect the blasting operation productivity.  The selection of the nozzle diameter is 
based on the desired blast pressure and the available air flow for maximum productivity.  
Appendix 1 Illustrates a nozzle chart giving compressor air requirement and abrasive 
consumption for each nozzle orifice number [43]. 
2.5.4. Stand-off distance 
 
Stand-off distance is the distance between the blasting nozzle exit and the substrate surface, 
usually expressed in inches (in), centimeters (cm) or millimeters (mm).  The stand-off distance 
can affect the cleaning rate and the resulting blast surface patterns.  The larger the standoff 
distance, the less cleaning power the system has, and this can decrease the velocity of abrasives  
by causing the reduction in roughness.  Figure 18 displays the effect of varying the standoff 
distance on steel substrate using aluminium oxide grit at 7 bar and 90° as an angle of impact, 
studied by Chander et al [44].  They found that the maximum roughness was obtained when 
blasting at 100 mm and that shorter blasting distance slightly decrease the surface roughness 





Figure 18. Effect of standoff distance on surface roughness [44]. 
 
 
Uferer [45] noted that the optimum standoff distance varies depending on the material used to 
blast and the substrate hardness.  Table 4 listed the value of the standoff distance parameters 
(fx) of three different abrasives materials for removal of rust that he introduced.  It can be seen 
that the steel wire abrasive is less sensitive to the variation of standoff distance than the slag 
and quartz because of their hardness. 
 
Table 4. Standoff distance parameters [45]. 
Standoff distance 
(mm) 
Value of fx 
Steel wire Slag and quart 
250 - 0,95 
300-400 0,90 1, 05 
500 1, 00 1,00 
600 1,00 0,85 
740 1,00 0,65 
 
 
Another study on the effect of standoff distance on the surface profile was conducted by Begg 
et al [46] for steel (EN 10025 S355) with a brown alumina blast medium at five different 
blasting pressures (Figure 19).  They found that the variation of standoff distance between 100 




distance started to have a significant effect, they extended the surface blasted at 345 kPa static 
pressure to a standoff distance of 500 mm.  A one micron change in roughness (Sa) was then 
observed as the standoff distance was increased from 50 to 500 mm. 
 
 
Figure 19. Surface roughness (Sa) as a function of standoff distance [46]. 
 
 
2.5.5. Blasting angle 
The blasting angle is the angle between the nozzle and the substrate.  The influence of the 
impact angle is subjective and slightly affects the surface profile obtained depending on the 
substrate materials and the properties of abrasives.  Figure 20 shows a schematic diagram of 






Figure 20. Schematic diagram of blasting angle [41]. 
 
During the blasting operation, the blasting angle is generally varied between 45° to 90 ° because 
the subsequent coating adhesion becomes very poor below an angle of 45°.  The effect of the 
blasting angle on the surface roughness was investigated by several authors.  One observation 
by Amanda et al [47] shows that on a carbon steel substrate, the maximum average roughness 
is obtained at 70°, while at 75° and 90° the roughness value remained the same (see Figure 21).  
However, Park et al [48] (see Figure 22) blasted the soda-lime glass sheet and found that the 
average roughness increases within increasing the blasting angle and that the maximum average 
roughness was obtained at a blasting angle of 90°.   
 
 





Figure 22. Average roughness as function of impact angle (d=7 and N=25) [48]. 
 
2.5.6. Blasting time 
 
The blasting time (tb) can be defined as the amount of time spend to blast all locations on a 
material substrate.  It is a factor that influences the coverage rate and can affect the productivity 
of the process because increasing the blasting time might result in an increase of the cleaning 
rate.  Wigren [49] studied the influence of blasting time on the roughness using the 
corresponding value of Ra for different alloys as a function of (
𝑡𝑏
10−3 𝑎2
), illustrated in Figure 23 
according to equation (2.2).  He found that during the blasting operation, the average roughness 
increases within increasing blasting time and that an optimum time exists (equivalent to 5 – 3 
seconds).  When this time is passed, the roughness decreases slowly and an increase in abrasives 
embedment occurs. 
 
𝑡𝑏 =  
|3|.2.𝑎2.𝑃 
 𝜋.𝜑.𝜈𝑚
    (2.2) 
where: 
a : the radius of the target material (mm)      
𝜈𝑚 : the displacement velocity of the blasting nozzle (m/s) and  
P : the number of passes  
𝜋 : Pi = 3,1416 





Figure 23. Dependence of the average roughness Ra on the blasting time of different 
alloys (alumina grit, suction type machine, blasting distance 150 mm and grit flow 
2kg/min) [49]. 
 
Arifvianto et al [50] obtained a similar result for longer blasting time.  Figure 24 shows the 
evolution of surface roughness of grade 304 L stainless steel substrate blasted with steel slag 
balls of size 1-2 mm in diameter at 7 bar blasting pressure.  According to his results, the 
roughness (Ra) increase for a blasting time between 0 and 5 minutes and it rested at a certain 
saturated level, then slightly dropped. 
 
 
Figure 24. The surface roughness evolution during the blasting treatment using steel 




2.6. Surface quality after abrasive blasting 
In addition to the surface profile and roughness that are important for good adhesion, the other 
surface quality features, which involve the desired or required surface finish and the presence 
of surface contaminants plays an important role in determining the performance of the coating 
system applied.  The society of protective coatings (SSPC), NACE and the international 
standards organization (ISO) provide surface preparation standards in order to define the visual 
surface quality finish ranging from totally cleaned surfaces to light cleaned surfaces.  After 
combining the Swedish standards SIS 055900 with the German DIN 55928, the ISO 85019 was 
published by the international standards organization that is similar to the SSPC-SP (5, 6, 7 and 
10) and NACE No (1, 2, 3 and 4).  These standards, show the appearance of the different rusted 
grade of steel materials at various level of cleanness by increasing the surface finish 
requirement: 
• Sa 1: light blast cleaning equivalent to the SSPC-SP 7/ NACE No.4; 
• Sa 2: thorough blast cleaning equivalent to the SSPC-SP 6/ NACE No.3; 
• Sa 2 
1
2
 very thorough blast cleaning equivalent to the SSPC-SP 10/ NACE No.2 and 
• Sa 3: blast cleaning to visual clean equivalent to the SSPC-SP 5/ NACE No.1. 
 
Figure 25 shows the different rusted grades of metallic surfaces with their required surfaces 
finish [51].  The initial steel substrate rusted grades are illustrated in Figure 25.a below.  These 
initial surface grades are described as follow:  
 
• Condition A-defining a surface mostly covered with mill scale and light rust; 
• Condition B -defining a surface with a flaky mill scale and that has begun to rust; 
• Condition C -defining a surface with a rusted mill scale that can easily be scraped with 
little visible pitting; 


















The higher the quality of the cleaning standard of the surface is, the higher the abrasive 
consumption and air emission will be used for surface preparation.  And, uncontrolled blasting 
conditions may result in lower process productivity since more time and abrasives are 
consumed to clean one area.  Thus, the surface finish requirement is also an important factor 
that needs to be considered while selecting the blasting process condition and evaluating the 
performance of abrasives.  James [52] studied the effect of sprayed coating adhesion to steel 
surfaces on visual surface preparation finish grade and he showed how lowering the surface 




Figure 26. Effect of visual surface preparation cleaning grade on adhesion strength 
of coating to steel substrate. 
 
The visual examination after abrasive blasting is not always a good indication as to the presence 
of other contaminants such as certain salts (phosphates, chlorides, nitrates and sulphates), 
dissolved iron and particle embedment as they are widespread on the blasted surface.  To 
identify the presence and amount of such contaminants, different test methods have been 
developed and among them are two widely methods used to quantify the salts contamination 






➢ For evaluation of salts contamination: The direct salt measurement by adhesive cell 
method and swan method (measuring the estimated salt concentration in μg/cm2 on the 
cleaned surfaces) and the measurement of electric conductivity (total soluble substances 
per unit area in μS/cm2 also over the cleaned surfaces).  The ISO 8502 [53] standard 
provides more information about the analysis methods and testing procedure of the steel 
substrate for soluble salts. 
➢ For evaluation of particle embedment: Back-scattered mode and secondary electron 
mode of the scanning electron microscope (SEM), energy dispersive X-ray 
spectroscopy (EDXA) plots from SEM imaging and optical microscope. 
The contaminations of chemicals species mainly salts on steel surfaces, before application of 
coating have often been an issue for the painting industry and it is often thought to be of a matter 
for only the maintenance and repair of the existing metallic structure.  However, new blasted 
steel surfaces can also be affected by salts contamination depending on the abrasive material 
used for surface preparation.  One of the effects of soluble salts over a painted surface is the 
disbondment of the coating in some areas called osmotic blistering (see Figure 27).  This 
happens at the coating/steel substrate interface when water or moisture from the environment 
penetrates the interface of the coating and develops a concentrated solution with sufficient 
osmotic pressure causing the disbondment of the coating. 
 





2.7. Coating performance after abrasive blasting 
 
The performance of the coating system after abrasive blasting is characterized by a mixture of 
parameters as cited and discussed in this chapter.  A study conducted by Mitall et al [54] classify 
the adhesion performance between a coating system and a cleaned substrate into two categories:  
• Basic adhesion: strictly related to all interatomic and intermolecular interactions 
(section 2.2.2. described these mechanisms of adhesion) and that depend only on 
adhering phases of surfaces. 
• Practical adhesion: related to all testing and measurement of adhesion causing the 
separation of the coating to the substrate.  This category of adhesion is affected by many 
parameters such as the coating thickness, the properties of the substrate and the coating, 
the environmental conditions during the application of the coating, the geometry and 
size of the specimen, the technique of adhesion measurement, the adhesion test rate and 
the manner of performing the test. 
By comparing the two categories of adhesion (basic and practical adhesion), it can be concluded 
that: the practical adhesion equals the force of the basic adhesion and other factors.  Generally, 
the practical adhesion of the coating to blast cleaned surfaces is evaluated by the following 
methods: Cross-cut test; Pull-off test; X-cut; Penknife and Falling ball impact. Different 
adhesion values are often obtained from the different techniques. 
 
2.8. Materials used 
 
2.8.1. Stainless steel (AISI 304L) 
 
Grade 304L stainless steel is an austenitic type of stainless steel that has a nominal composition 
of 18% chromium and 8% nickel with low carbon content.  This grade possesses austenite as 
its primary crystalline structure (face-centered cubic) [55].  It is a material that withstands 
corrosion in a wide range of environments.  Its corrosion resistance is due to the high chromium 
percentage that forms a thin tenacious oxide film layer on its surface which constitutes a barrier 
between the metal surface and the environment.  Table 5 and Table 6 give the typical 
mechanical and physical properties respectively of grade 304L stainless steel.  These properties 





Table 5. Mechanical properties 
Properties Typical values 
Tensile strength (MPa)  485 
Yield strength at 0,2% (MPa)  170 
Elongation (%)  40 
Brinell (HB) max 
Rockwell (HB H) max 
201 
92   
 
Table 6. Physical properties 
Properties Typical values 
Density (Kg/𝑚3) 8000 
Modulus of elasticity in tension 
(GPa) 
193 









Specific Heat Capacity (J/kg.K) 500 
Melting range(°C) 1400-1450 
Relative permeability 1,021 
Electrical Resistivity(𝘹10−9 𝛺m) 720 
 
 
Any type of stainless steel material including the grade 304L can be subjected to different forms 
of corrosion and the initiation of corrosion is due to the breakdown of the protective oxide film 
arises when the material is exposed under an aggressive environment (high salinity environment 
or area with a low circulation of oxygen).  Figure 28.b illustrates the pitting corrosion, 
considered as the most encountered form of corrosion on grade 304L stainless steel.   This form 
of corrosion is localized corrosion generally cause by halides ions such as chloride ions and 
sulphate ions.  These ions attack localized points in the passive film and destroy some area of 
the passivity by creating small holes that act as micro-anode while the larger area of the surface 









Figure 28. Pitting corrosion on stainless steel [56]. 
 
Efficient corrosion protection of stainless steel is still required and, in most cases, the 
application of coating provide sufficient corrosion-resisting property.  The combination of the 
coating system applied, and the surface preparation method are key factors to increase the 
lifespan of stainless steel surfaces.  In general, stainless steel surfaces are smoother compare to 
the carbon steel and this can affect the adhesion properties of the coating.  Thus, the importance 
of roughening the stainless steel surfaces prior to coating and it is usually achieved by abrasive 
blasting or light hand abrasion. 
2.8.2. Abrasives 
 
The four abrasives studied were: 
 
• Garnet 
• Aluminium oxide 
• Steel grit and  




The garnet abrasive used particles extracted as different sizes set of minerals grouped together 
as the garnet family:  Almandine (Fe3 Al2 (SiO4)3), Andradite (Ca3 Fe2 (SiO4)3), Pyrope (Mg3 
Al2 (SiO4)3) and Spessartite (Mn3 Al2 (SiO4)3).  The raw material is often proceeded after 
extraction to remove sulphates and chlorites and crushed to the desired size.  Garnet is harder 
than most expendable abrasives with a Mohs hardness ranged between 7 and 8.  This property 
allows it to be recycled with the benefit of low dusting and a uniform surface profile being 




particle embedment, and a minimum of waste volume generated.  Figure 29 represents an image 
of garnet abrasives [57]. 
 
 
Figure 29. Garnet [57]. 
 
2.8.2.2. Aluminium oxide 
 
Aluminium oxide used as an abrasive is made by processing bauxite to produce brown small 
particles of different sizes.  It is the second hardest mineral after diamond (on the Mohs hardness 
scale), and it is very resistant against fracturing on impact due to their crystalline structure.  Its 
angular shape and high density make it one a good abrasive for surface preparation.  Aluminium 
oxide is widely used when no ferrous contamination can be tolerated on the blasted surface.  It 
can be recycled many times depending on the grade of material that has to be cleaned and also 









2.8.2.3. Steel grit 
 
Steel grit abrasives characterized particles with predominantly angular shape made by crushing 
heat treated shot pellets.  Steel grit possesses a high density compared to others abrasive with a 
hardness ranged from 40-65 on the Rockwell scale (400 to 850 on the Vickers hardness scale).  
Steel grit can be recycled many times resulting in a very cost-effective abrasive to use with less 
waste generation compared to other expendable abrasives.  Figure 31 represents an image of 
steel grit [58].  
 
 
Figure 31. Steel grit [58]. 
 
2.8.2.4. Platinum slag 
 
Platinum grit is referred as an expendable abrasive.  Its particles are generally sharp angular 
with a good propensity to fracture on the impact causing more dust generation during the 
process. The high bulk density of platinum grit abrasive results in high kinetic energy being 
transferred to the substrate during the blasting operation.  Figure 32 represents an image of 
platinum grit [59]. 
 








This chapter describes in detail the different experimental procedures conducted to evaluate the 
performance of the four different locally-produced abrasives used on the surface profile, 
corrosion behaviour and coating adhesion of grade 304L stainless steel after abrasive blasting.   
Three sets of procedures were performed, the first set focused on the characterization of the 
abrasives used to determine their particle diameter, shape, chemical composition and 
cleanliness.  The second set focused on the blasting operation and the last set of the experiment 
focused on characterization techniques of the blasted substrate.   
 
3.1. Characterization of abrasives 
 
Four different types of abrasives were collected from a local South African abrasives supplier 
and used for the blasting operation.  Table 7 below gives the details of the abrasives used as 
supplied by the manufacturer [60]. More properties about these abrasives can be seen in 
Appendix 2.  Prior to the blasting process, a number of tests were performed to characterize the 
abrasives, this included: the size distribution by sieve analysis, characterization by scanning 
electron microscopy (SEM), chemical analysis by X-ray fluorescence spectroscopy (XRF) and 
conductivity testing.   
 








Garnet  30/60 7,8-8 Moh 4,1 Non-metallic 
Aluminium oxide  F80 9 Moh 3,85 Non-metallic 
Steel grit  GH40 60-66 HRC 7,6 Metallic  
Platinum Grit  B60 ˃ 6 Moh 2,7 Non-metallic 
 
 
3.1.1. Sieve analyses  
 
The sieve analysis test was performed to assess the particle size distribution of all the selected 
abrasives using a mechanical sieve shaker (with sieve wire cloth and screen designed in 




variations for wire cloth of standard test sieves U.S.A. standard series) according to the ASTM 
C136-06.” Standards test method for sieve analysis of fine and coarse aggregates” [61].  A          
1000 gram of steel grit and 500 gram of aluminium oxide, garnet and platinum slag grit was 
tamped through a series of sieves (US Standard screen number 12, 20, 25, 35, 45, 60, 70, 80, 
100, 120, 170 and the pan at the bottom) for 10 minutes using an automatic tamper.  All the 
abrasive particles collected on each screen were weighed and recorded.  Data obtained are 
shown in the next chapter and Figure 33 below shows the different materials used for the sieve 
analysis.   
 
 
Figure 33. (a) Star screens sieve shaker and (b) Balance. 
 
3.1.2. Scanning electron microscopy (SEM) 
 
The scanning electron microscopy was conducted to view the shape of each set of abrasives 
particles based on image analysis using a TESCAN VEGA 3 machine equipped with the energy 
dispersion X-ray spectrometer (EDS).  Prior to the analysis, the different abrasives particles 
were spread onto a conductive carbon adhesive tape that provided the electrical connection 
between the specimen and the SEM.  The backscatter electron detector was used to display a 2-
dimensional image of the particles captured at 50X magnification.  Figure 34 below illustrates 






Figure 34. Tescan vega 3 scanning electron microscope. 
 
 
3.1.3 X-ray fluorescence spectroscopy (XRF) 
 
X-ray fluorescence analysis was conducted to determine the chemical composition of abrasives 
in terms of metal oxide content using a Rigaku ZSX Primus II unit with a wavelength dispersive 
fluorescence system (WVXRF).  Before performing the test, each test specimen was pressed 
into the compressed pellet sample needed for XRF analysis.  To do this, the different abrasives 
were pulverized by being crushed and milled to obtain a very small particle size suitable for 
optimized XRF analysis. A binder was added to the milled sample and compressed to form a 









3.1.4. Conductivity test 
 
The conductivity test of abrasives was performed to assess the presence of soluble salts in the 
abrasives supplied using a Delfesko PosiTector SST (soluble salt tester gauge) according to the 
ASTM 4940-10. ‘’Standard test method for conductimetric analysis of water-soluble ionic 
contamination of blasting abrasives” [62].  A slurry of each abrasive sample was prepared with 
500 ml deionized water and 250 ml of specific abrasive sample material and stirred for 2 
minutes to allow any soluble salts to dissolve in the DI water.  The slurry obtained was allowed 
to settle for 5 minutes and was stirred again and then filtered.  The supernatant liquid produced 
from the slurry was then tested with the conductivity gauge.  Figure 36 below shows the 
conductivity gauge used.   
 
 
Figure 36. PosiTector conductivity gauge. 
3.2. Substrate preparation  
 
The substrate material used during all the experiments was grade 304 L austenitic stainless 
steel.  Chemical analysis by spark emission spectrometer was performed to confirm their 
chemical composition and the result of this test is displayed in Appendix 3.  Prior to the blasting 
operation, the stainless-steel plates were cleaned by washing them with acetone to remove any 
dust, soluble salts and other contaminants such as oil or/and greases so that these types of 





3.3. Abrasive blasting operation 
 
Four stainless steel 304L plates of size 200 mm 𝗑 550 mm 𝗑 3 mm (length, width and thickness) 
were blasted using a standard industrial compressed air blasting system.  As mentioned in 
chapter 2, the compressed air blasting system typically consisted of a compressor, an abrasive 
blast pot, air inlet and outlet valves, an air filter and a metering valve.  Some of the blasting 
equipment used can be seen in Figure 37.  A 260 liters (total capacity) blasting pot, a compressor 
with a maximum operating pressure of 9 bar and 200 cfm air volumetric delivery (at STP), and 
a new (unworn) 8 mm internal diameter tungsten carbide nozzle were used during all the 
experimental runs.  We also inserted a moisture trap into the air supply line (before the blasting 
pot) to ensure a dry air supply to the system and we used a 38 mm internal diameter high-












Figure 37. Blasting equipment used. (a) compressor and air dryer, (b) blasting pot, 




Before blasting, the blasting pot’s internal space was checked for any unwanted materials and 
debris.  After turning on the compressor, we adjusted the pressure at the compressor to provide 
the desired pressure at the nozzle, measured with a pressure gauge.  The impact angle of impact, 
blasting pressure and stand-off distance was kept constant during all the blasting operations.  
Each series of blasting runs were conducted with the same abrasive media until the abrasive in 
the pot was completely used up and no more of abrasives remained inside the pot.  Furthermore, 
when a new abrasive type was loaded into the pot before the commencement of another blasting 
run, we flushed out and cleaned the pot to prevent any chance of cross-contamination from one 
abrasive media load to the next.  Figure 38 illustrates the set-up of the plates during the blasting 




Figure 38. Photograph of blasted plates set-up 
 
Each substrate was blasted with four transverses meaning that the plate was blasted four times 
in total.  Every time that the plate moved to the end of its pass i.e. the reversal point, it stopped 
and had to be reversed by the manual pressing on the speed regulator connected to the nozzle.  
This kept constant the abrasive velocity on the impact as the traversing operation was activated 
at a constant speed rate of 10 mm/sec.  A white metal blast (SSPC-SP 5) surface finish was 
achieved in all the test runs and Table 8 below listed the detail of the experimental blasting 
parameters used for the test [60].  After blasting, the plates were placed inside a plastic container 
with a lid and in which a Cortec VpCI-111® vapor-phase corrosion inhibitor emitter was placed 
to limit any possible post-blasting possible corrosion of the blasted surface.  This type of 
protection modifies the storage environment to have very low corrosivity and also will have an 




Table 8. Detailed of blasting parameters [60] 
Blasting parameters 
Blasting pressure 6 bar 
Blasting angle 90°  
Standoff distance 31 cm 
Total blasting time 28-30 seconds 
Speed regulator 10 mm/sec 
 
 
3.4. Characterization of the blasted substrate 
 
3.4.1. Surface profile measurement 
 
The surface profile was measured in duplicate at two different locations of each blasted plate 
specimen.  All measurements were obtained in accordance with the ASTM D44-17, ” Standard 
Test Method for Field Measurement of the Surface Profile of Blast Steel Clean,” method C 
(with the use of replica tape) [63] using a calibrated Delfesko PosiTecto RTR® 3D surface 
profile gauge (Figure 34.a).  This gauge is a digital spring micrometer that measures the average 
maximum peak-to-valley height of the surface roughness.  An XC optical grade of Testex Press-
O-Film™ replica tape (useful range: 1,5 – 4,5 mils) was used through all the tests performed.  
It created a replica of the blasted surface’s morphology on the tape film by manually rolling a 
ball for 60 seconds over the tape on the underlying substrate.  Figure 39.b below show the 
blasted substrate during the test measurement.  Once completed, the replica tape was inserted 
into the PosiTector® specimen holder to record the different profile parameters.  A single 
measurement on each blasted surface produced the morphological amplitude parameters 
(surface topographical 3D parameters) listed below [60]:  
 
• Arithmetic average roughness (Sa), 
• Root mean squared roughness (Sq),  
• Maximum area height (Sz),  
• Maximum area peak height (Sp) and  












Figure 39. (a) Surface profile gauge and (b) surface profile measurement. 
 
3.4.2. Conductivity test 
 
Detection of soluble salts over the blasted surfaces was performed in duplicate at two different 
locations of each blasted plate specimen in accordance with ISO 8502-9,’’Standards Test 
Method for Soluble Salts Measurement by Conductometric,’’ method A (with the use of 
adhesive patch) [64] using a Delfesko PosiTector SST (see Figure 36).  The test procedure 
involved injecting deionized water (DI) into a 0,125 m2 adhesively bonded latex patch to the 
blasted surface (Figure 40.a).  A three ml syringe filled with DI water was used to pierce the 
top of the adhesive patch allowing the penetration of the DI water to the center of the patch as 
illustrated in Figure 40.b.  While in the patch, the DI water was rubbed against the test surface 
for two minutes to extract soluble salts from the surface.  The conductivity of the solution 
removed from the patch was then measured using the Delfesko PosiTector SST gauge. The 
conductivity gauge was checked against a standards solution before each test and adjusted as 
required.  Each test was performed at ambient temperature and the surface salt-density 













Figure 40. Conductivity test measurement (Brestler test). 
 
3.4.3. Scanning electron microscopy 
 
The scanning electron microscopy after the blasting operation was aimed at viewing the 
possible particle’s embedment on the blasted surface in each abrasive case based on image 
analysis using a TESCAN VEGA 3 machine equipped with the energy dispersion X-ray 
spectrometer (EDS) (see Figure 34) to map the surface.  To do this, each sample was cut to the 
sized of 1 cm by 1 cm and the secondary beam electron image was obtained at 300X 
magnification. 
 
3.4.4. Corrosion test  
 
The instantaneous corrosion behaviour of the different blasted surfaces was evaluated by linear 
polarization resistance using an AUTOLAB PGSTAT30 Potentiostat.  All the tests were 
conducted at room temperature (± 25˚ C) in a salt solution (3.5 % NaCl) and the blasted stainless 
steel test specimens were cut to the size 20 mm by 40 mm.  As the samples were blasted both 
sides, Bee’s wax was used to isolate one side of the specimen during the test and for each 
corrosion test, a fresh aqueous solution of 3,5% NaCl was prepared.  A conventional three-
electrode system was used in which the standards electrode Ag/AgCl 1 M was used as the 
reference electrode, a platinum electrode as a counter electrode, and the blasted stainless-steel 
specimen as the working electrode with a working area of 7,5 cm2.  The different samples were 
held for 20 minutes in the solution after which the potential was read.  This was taken as the 
open circuit potential (OCP) and polarization curves were obtained at a scanning rate of 10 
mV/s.  All the tests were performed in a potential range of -10 mV to 10 mV and the potential-




(βc), anodic Tafel constant (βa), the current density (Icorr), the corrosion potential (Ecorr) and the 




Figure 41. Electrochemical measurement. 
 
3.4.5. Adhesion test 
 
Before the adhesion test, the blasted plates were cut to size 100 mm 𝗑 140 mm (length and wide) 
and painted using a two-component Hempadur epoxy paint (the paint datasheet is illustrated in 
appendix 4) by brush application with a maximum average coating thickness of (450 um) wet 
and (325 um) dry.  Figure 42 shows a photograph of the wet coating thickness measurement 









To evaluate the adhesion of the paint to each substrate, adhesion tests were performed using the 
PosiTest AT-M adhesion tester (see Figure 38. a) following the ASTM D4541 “Standard Test 
Method for Pull-off Strength of Coatings using Portable Adhesion Testers” [65].  The test 
method involved gluing standards test dollies to the coated surfaces (see Figure 43.b) using a 
high strength Araldite epoxy adhesive. To ensure good adhesion of the dollies on the painted 
substrates under examination, they were both roughened with 80 μm grinding paper and cleaned 
with acetone.  The dollies were left for 24 hours to allow the glue to fully cure sufficiently as 
per the standard method before pulling them by exerting a force perpendicular to the substrate 
using the pull-off tester.  The force at which a specific area of the coating was pulled away from 
the surface and the type of failure obtained was visually inspected and recorded as a measure 


















RESULTS AND DISCUSSION 
 
4.1. An overview 
 
The results presented in this work can be divided into three categories:  
 
1. Four types of abrasives were used for surface preparation e.i. garnet, aluminium oxide, steel 
grit and platinum grit.  Each grit was characterized to confirm their properties: size, shape, 
cleanliness and composition that impart on the health features during the blast cleaning and the 
surface quality aspects after the blasting process.   
 
2. Grade 304L austenitic stainless-steel samples were blasted with the four different abrasive 
mentioned above in order to evaluate the effect of the type of abrasive together with their 
properties on the surface profile and corrosion.   
 
3. The different blasted surfaces were coated with a two-component zinc-phosphate epoxy type 
of paint and tested to evaluate the effect of the surface preparation on adhesion.   
 
4.2. Abrasives characterizations 
 
Chapter two, section (2.5.1) described the effect of abrasives properties on the blasted surface 
roughness/profile and the productivity of the blasting operation.  The distribution size, shape 
and cleanliness of the abrasive used will be presented and the effect of abrasive size and shape 
on the surface profile generated will be shown and discuss in the next section.  We will also 
present the chemical composition of all the abrasives to mainly evaluate the content of the health 
hazardous element.   
 
4.2.1. The distribution size of abrasives  
 
Sieve analysis was performed to determine the particle size distribution of the different 
abrasives used with a sieve shaker according to the ASTM C136-06.  All the data obtained are 
display in Appendix 5.  Figure 44 to Figure 47 below illustrates the particle size distribution of 







Figure 44. Particle size distribution of garnet abrasive. 
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Figure 46. Particle size distribution of steel grit abrasive. 
 
  
Figure 47. Particle size distribution of platinum grit abrasive. 
 
As shown in the figures above and from the data obtained illustrated in Appendix 5, all the 
abrasive used falls under the MacroAbrasives classification because their particle sizes ranged 
from 0.09 mm to 1,7 mm.  Aluminium oxide was the finest grit abrasive used (with particle size 
ranging between 0,5-0,09 mm), followed by garnet (with particle size ranging between 0,71-
0,18 mm), steel grit (with particle size between ranging 0,85-0,355 mm) and the coarsest grit 
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4.2.2. The shape of abrasives  
 
Scanning Electron Microscopy was performed to view and classify the shape of abrasives.  The 










Figure 48. SEM micrographs of abrasives. (a) garnet, (b) aluminium oxide, (c) steel 
grit and (d) platinum grit [60]. 
 
The images above respectively represent the more spherical approximating shaped garnet and 





4.2.4. Cleanliness of abrasives  
 
The cleanliness of abrasives was determined by the conductivity test to assess the presence of 
conductive potential and ionic contaminants using a conductivity gauge following ASTM-4940 
as described in chap 3 section 3.1.4.   The conductivity values of the different abrasives are 
shown in Figure 49 below.   
 
 
Figure 49. Conductivity values measured of the different abrasives used.   
 
The abrasive that yielded the lowest conductivity was steel grit.  The highest conductivity level 
was obtained from aluminum oxide abrasive followed by garnet and platinum grit.  Very high 
level of contaminants in abrasive particles may transfer to the surface during the blast cleaning 
operation resulting in potential osmotic blistering that accelerates under film corrosion and 
affects the durability and quality of coating performance.   According to the SSPC AB-1 
standard, the conductivity of abrasives cannot exceed 1,000 μS/cm [66] therefore the level of 












































4.2.3. Chemical composition of abrasives 
 
The chemical composition of abrasives together with the dust generated during the process is 
the most significant health hazard from the dry abrasive blasting operation.  Dust from the 
process results from the break-down of abrasives when hitting the surface and abrasive material 
may contain a low or high percentage of toxic elements depending on their type.  From the four 
abrasive material study, three were non-metallic types of abrasive (garnet, aluminum oxide and 
platinum slag grit) and one was a metallic type of abrasive (steel grit).  A study conducted in 
Great Britain by Merewether E. [67] demonstrated that the main health-related element in 
abrasives was silica because inhalation of the crystalline form of silica by workers engenders a 
reaction in the lung tissues that develop fibrotic nodules conditions also called Silicosis and the 
silicosis victims tend to develop a high risk of active tuberculosis and difficulty to breath that 
may lead to death [68].   
 
The chemical composition of abrasives by metal oxide content was analyzed by X-Ray 
Fluorescence and the results are illustrated in Figure 50 below.  We found that the percentage 
of silicon dioxide (silica) was high in all abrasive used except in the steel grit abrasive.  The 
highest percentage (35,33%) was obtained in platinum slag grit and almost the same percentage 
in garnet (23,98%) and aluminum oxide (20,31%) with the percentage in garnet abrasive being 
slightly superior. Correct protection should be considered by industry when blasting with a high 
level of silica content abrasives.  This is achieved by blasters wearing a full air fed hood on a 
blasting suit.  The NOISH first recommended a permissible crystalline silica respirable 
exposure limit of 50 μg/m3 per day (over 8 working hours per day) on all workplaces (general 
industry, construction and maritime) [69] but the more recent recommendation by the Albertina 
Occupational Health and Safety has reduced the respirable exposure limit to 25 μg/m3 per day 














Figure 50. Chemical composition of abrasives. (a) garnet, (b) aluminum oxide, (c) 



































































































































































4.3. Characterization of the blasted surfaces  
 
4.3.1. Surface profile 
 
The profile of the different blasted surfaces was measured using a calibrated Delfesko 
PosiTector RTR® 3D surface profile gauge.  The effect of a specific type of abrasive on the 
resulting surface profile and the comparison between the different blasted surfaces are presented 
in this section.  Table 9 below shows the different profile parameters obtained on all the blasted 
surfaces.  The roughness parameter measurements are reliable in predicting the performance of 
any type of coating system, but each parameter indicates a particulate property of the surface 
and one could be the most important only for a specific application with a specific coating and 
substrate material [60].  
 
Sa: the arithmetic average roughness gives an absolute value of the difference in height of each 
point compared to the arithmetical mean of the surface; 
Sq: the root mean squared roughness is equivalent to the standard deviation of the heights; 
Sp: the maximum area peak height represents the highest peak within the defined area; 
Sz: the maximum area height represents the sum of the largest peak height value and the largest 
pit depth value within the defined areas; 
Sv: the maximum area valley depth represents the largest pit within the defined area and  
Spd: the area peak density indicates the number of peaks per unit area.  
 
Table 9. Profile parameters measurement of the different blasted surface [60]. 
Abrasive   
Surface profile parameters 
Sa (μm) Sq (μm) Sp (μm) Sv (μm) Sz (μm) Spd (/mm
2) 
Garnet  9 12,1 43,9 63,6 107,5 17,80 
Aluminium oxide 7,8 10, 4 31 72,2 103,2 39,1 
Steel grit 18,2 22,3 81,9 70,9 152,8 23,6 






Sa and Sq represent the standard deviations of the surface profile and higher values of Sa and Sq 
indicate a greater area for the coating to adhere to.  Another important parameter that is 
considered in many coating applications is the density peak (Spd) that also increase the bonding 
surface area as stated by the rule of thumb for coating adhesion.  “the higher the peak count, 
the better the adhesion” [71]. 
Three-dimensional images of the different blasted surfaces could be generated from the 
measured data obtained.  Such images illustrate details of the general surface topography over 
a defined area and waviness over a cut section of the same area (see Figure 51 to Figure 54).  
The different images were used to visually assess the surface profile of the blasted surfaces 
based on colour differences; the colour change ranged from magenta to violet with blue, green, 
yellow and red in between to indicate height changes from the lowest to the highest surface 
profile.  Based on the visual comparison of the 3D images generated of all the blasted surfaces, 
a difference is clearly visible on the surface topography created by the type of abrasive and their 
properties.  The surface blasted with aluminium oxide (see Figure 52) shows more uniformity 




















Figure 54. 3-D image of surface blasted with platinum grit 
 
The unique pattern onto the different blasted surfaces could also be easily differentiated with 
the surface profile parameters measured.  Figure 55 below illustrates the dependence of the type 
of abrasive used on different surface profiles parameters.  Where: G = garnet; AO = aluminium 
oxide; SG = steel grit and PG = platinum slag grit.  The surface blasted with steel grit produced 
the greatest surface area (See values of Sa and Sq) and highest peaks (Sp) because of the very 
angular shape of particles that has the ability to easily cut the substrate surface as opposed to 
only deforming on the impact. A study conducted by Draganovská et al [72] also demonstrated 
that the use of steel grit abrasive produced the highest and greatest surface roughness after 
evaluating the effect of four different types of abrasives (steel grit, steel shot, corundum and 



























The surface blasted with aluminium oxide and garnet produced lower and almost the same 
surface area (Sa and Sq) and height of peaks (Sz) due to their close particle’s properties in terms 
of hardness, density and sizes as smaller particle hit the surface with less kinetic energy.  But, 
deeper valley (Sv) and the greater number of peaks (Spd) were achieved on the surface blasted 
with aluminium oxide because of the greater degree of angularity and lower density of the 
aluminium oxide particle (see Figure 48.b) that produced deeper anchor pattern and better 
cutting action than the blunter shape  and low gravity of the garnet particle resulting in greater 
deformation (with more irregularity) of the surfaces being blasted.   
No significant difference in the amplitude profile parameters Sa and Sq and Sp was observed 
on the surface blasted with platinum slag grit in comparison to the surface blasted with garnet 
and aluminium oxide, despite the bigger size of platinum grit particle and this was due to the 
lower hardness and density of the platinum grit. But, the highest depth of valleys (Sv) was 
obtained with the platinum grit abrasive because of their ability to bring more impact energy to 
the surface resulting in a deeper profile.  Dudek [73] studied the influence of various abrasive 
materials (quartz sand, brown alumina and corundum) of different sizes on the roughness of 
145Cr6 steel substrate and he found that the larger sizes of abrasives created deeper craters on 
the surface which are reflected in the results obtained in this work too. 
 
4.3.2. Abrasive contamination and embedment on the blasted surfaces 
 
Contamination by abrasives on the blasted surface is a concern because it affects the quality 
and duration of the coating performance.  The level of contamination ranges from the remaining 
residues left behind after blasting (ferrous, chlorides and dust) to abrasive embedment.  The 
soluble salts concentration on the blasted surface was measured by the Bresle method according 
to the ISO-8502-9 and the abrasives embedment was examined with the scanning electron 
microscope.   
 
4.3.2.1. Soluble salts contamination 
 
Soluble salts on a new clean surface after abrasive blasting come from the salts contaminants 
present in the abrasive used and their origins were described in Chapter 2.  These salts are 
hygroscopic and tend to absorb moisture from the air that will dissolve the salts present and 
will act as an electrolyte over the metallic surface being blasted to form an active corrosion cell 
under the applied coating leading to premature failure.  Figure 56 below shows the soluble salts 





Figure 56. Soluble salts presence on the different blasted surfaces. 
 
The surface blasted with aluminium oxide produced the highest level of salts contamination 
followed by the surface blasted with platinum grit.  The lower level was obtained on the surface 
blasted with garnet and steel grit.  By considering the ISO-8506-6:2006, “Preparation of steel 
substrates before application of paints and related products.  Extraction of soluble contaminants 
for analysis — The Bresle method” [74], the maximum accepted level of soluble salts after 
abrasive blasting shall be 20 mg/m2.  But the painting industry generally considered that a level 
of soluble salts contaminants below 30 mg/m2 is desirable.  Because the level of mixed soluble 
salts on a blasted surface depends on the industrial application and the quality and specification 
of the coating to be applied since the susceptibility to soluble salts degradation of each type of 
coating and thickness varies [75].  Trimber [76] summarized some research conducted on the 
accepted levels of salts contamination on coated blast-cleaned test panels with known quantities 
of salts contaminant, after one month of exposure in a condensing humidity cabinet.  The results 
obtained demonstrated 10 mg/m2 of sulfate and 5 mg/m2 of chloride were acceptable while 20 





































4.2.2.2. Abrasive embedment 
 
Abrasive embedment is inevitable during the blasting operation because the process consists of 
projecting a stream of abrasive particles over the surface.  Embedment of abrasive particles on 
a blasted surface affects the mechanical adhesion of the coating because they introduce stress 
concentration points on the surface.  Thus, a minimum amount of abrasive embedment is 
recommended to also minimize the failure of the coating.  The number of particle’s embedment 
over surfaces after abrasive blasting is generally influenced by the hardness of the surface to be 
blasted, the blasting process parameters (distance, pressure, angle) as well as the properties of 
abrasives used.  Considering the properties of abrasives, the shape, size and hardness are the 
properties that are the most important and this will be shown from the results obtained in this 
work.  Abrasive embedment on the different blasted surfaces was analysed using a SEM and a 
secondary beam electron (SE) detector produced 2-dimentional images of the surface.  
Examination of the chemical composition of particles embedded was determined through EDS 
analysis.  Figure 57 to Figure 60 shows SEM micrographs of the different blasted surfaces 
captured at the same magnification (300X) and the results of the EDS analysis.  More details 





EDS Results Analysis 
% Weight 
 
Mg = 2.28 
Al = 2.55 
Si = 7.28 
Ca = 0.70 
Ti = 1.00 
Cr = 16.27 
Fe = 64.40 
Ni = 5.52 







EDS Results Analysis 
% Weight 
 
Al = 55.69 
Si = 12.42 
Ca = 4.82 
S = 0.77 
Cl = 0.72 
Ti = 8.49 
K = 0.74 
Cr = 1.25 
Fe = 17.11 
Ni = 5.52 








EDS Results Analysis 
% Weight 
 
Mn = 0.66 
Si = 0.90 
S = 0.65 
Cr = 4.19 
Fe = 92.63 
Ni = 0.98 










EDS Results Analysis 
% Weight 
 
Mg = 19.12 
Al = 5.04 
Si = 42.82 
Ca = 11.78 
Cr = 2.31 
Fe = 64.40 
Ni = 18.93 
Figure 60. SEM micrographs of surface blasted with platinum grit. 
 
On the different SE imaging above, abrasive particle embedment can be seen as a small dot 
with a slight difference in color compared to the substrate although the quantification of the 
abrasive particle was not possible.  It can be seen in Figure 60 that platinum grit abrasive 
embeds the most into the surface compared to the other three abrasives used. This is speculated 
to be mainly due to their larger size and friability because such abrasive particles penetrate the 
surface deeply and easily break on impact thus increasing the number of particles embedded 
into the surface substrate.  The effect of abrasives particle size on surface embedment was 
studied by Muruyama et al [24] where they also found that the larger the abrasive particle, the 
greater the embedment into the surface.  Aluminium oxide and garnet were the smaller abrasive 
particles used, and it was expected to result in the least number of particles being embedded.  
However, our result indicated that the surface blasted with aluminium oxide contained more 
particles embedded compare to the one blasted with garnet.  This could be explained by the 
greater depth of cut of angular aluminium oxide particles.  Generally, angular abrasive particles 
increase the probability of aiding embedment because they leave more crevices and craters on 
the impact to the surface.   A study conducted by N. Masmoudi et al [77] on the effect of 




angular abrasives delivered a higher level of embedment compares to spherical abrasives.  
Despite the very angular shape of the steel grit abrasive, they exhibited the less extensive 
particle embedment on the blasted surface (see Figure 58) because of their greater hardness as 
they could resist the breakup into small fragments when hitting the surface.   
 
4.3.3 Corrosion testing results 
 
The occurrence of corrosion beneath organic coating on blasted surfaces is mainly due to the 
condition of the surface profile and the amount of contaminants (soluble salts) present on the 
surface.  The difference in the distribution of peaks and valleys created by abrasive blasting 
over metallic surfaces generally influence on general corrosion and the susceptibility to pitting 
corrosion.  The general corrosion behavior of all the blasted samples and the unblasted stainless 
steel 304L samples was studied through the potentiodynamic polarization technique at room 
temperature in 3,5 % NaCl solution.  The results obtained are presented and compared in this 
section.   
 
Polarization study of the Tafel extrapolation curves is a faster method to determine the 
thermodynamic and kinetics characteristics of surface materials (see Chapter 2).  The 
polarization curves provide data (electrochemical parameters), e.i., OCP (open-circuit 
potential), Ecorr (corrosion potential), Icorr (corrosion current density), βc (cathodic Tafel 
constant), and βa (anodic Tafel constant) on the kinetics and behavior of the different steps 
occurring in the electrochemical reactions.  This allows the determination of the instantaneous 
corrosion rate.  Figure 61 below, illustrates the variation of the Open Circuit Potential overtime 
of the 304L stainless steel sample before the blasting operation and the different blasted 
samples.  With all the blasted surface analyzed samples, the Open Corrosion Potential measured 
shifts toward the negative direction compare to the surface that was not blasted.  This shows 
that the blasting operation with all the type of abrasive used created a more active surface state 





Figure 61. Variation of OCP with time of the different blasted samples and the 
unblasted 304L sample. 
 
Figure 62 below shows the polarization curves of the 304L stainless steel sample before 
abrasive blasting and the blasted samples with the four different abrasives study.   
 
 
Figure 62. Polarization curves of the blasted stainless-steel blasted samples and the 











































































The electrochemical corrosion parameters obtained from the extrapolated polarization curves 
e.i. corrosion current density (Icorr), corrosion potential (Ecorr), cathodic (βc) and anodic (βa) 
Tafel slopes are presented in table 10 below: 
 









Unblasted surface -350,174 8,874 552, 1 57 
Aluminium oxide -385,96 9,49 219,3 110,6 
Garnet -373,05 8,59 328,2 68,4 
Steel grit -653,61 60,15 90 351,3 
Platinum grit -379,451 8,99 238 166,7 
 
 
The corrosion potential values (Ecorr) represent the thermodynamic stability state of the different 
blasted surfaces and generally, the lower the value of Ecorr is, the higher the corrosion tendency. 
The results obtained show more negative Ecorr value: -373,05 mV; -379,451 mV; -385,96 mV 
and -653,61 mV of surfaces blasted with garnet, platinum grit, aluminium oxide and steel grit 
respectively in comparison to the unblasted surface that had an Ecorr value equal to -350,174 
mV.  This shows that after the blasting operation, all the surfaces were thermodynamically 
unstable and thus, more susceptible to corrode.  The fact that abrasive blasting decreases the 
corrosion resistance of stainless steel was also observed by Azar et al [78].  The anodic and 
cathodic Tafel slope (βa, βc) provide an indication of anodic and cathodic reactions taking place 
on the exposed surface material in the presence of the electrolyte.  The corrosion current (Icorr) 
determined by the intersection of the anodic or cathodic Tafel plots with the OCP or Ecorr 
represents the kinetic characteristics of the corrosion process taking place on different surfaces.  
The lower value of Icorr means a better anticorrosion behavior than a higher value.  As shown 
in Table 10 above, a higher value of Icorr was obtained on the surface blasted with steel grit (Icorr 
equal to 60,15) in comparison to the other blasted surfaces (with aluminium oxide, garnet and 
platinum grit).  Also, the polarization curves of the sample blasted with steel grit shows in 
Figure 62 shifted toward lower corrosion current densities which mean higher corrosion rate.  




samples was calculated in millimeters per year using the equation (1.7) and the results obtained 
are illustrated in Figure 63 below: 
 
 
Figure 63. Corrosion rate on the different blasted samples and the unblasted 304L 
sample. 
 
The results show how the different type of abrasive used influence for surface preparation 
affected the corrosion process of the stainless steel 304L.  Significant differences were observed 
in all the electrochemical parameters obtained on the surface blasted with steel grit in 
comparison to the other blasted surfaces and an increase in the corrosion rate was observed with 
the use of steel grit abrasive.  This was because of the galvanic effect between the couplings of 
steel abrasives embedded over the stainless-steel base surface after the blasting operation. The 
mechanism describing the bimetallic corrosion has been shown by many authors [79-81].  The 
lowest corrosion rate was found on the surface blasted with garnet closely followed by the 
corrosion rate value on the surface blasted with aluminium oxide and then platinum grit.  This 
is mainly because of the level of soluble salt contaminants present on the surfaces.  This 
corresponds directly to the conductivity measurement elaborated and discussed in the previous 
section (see section 4.3.2.1), where the amount of soluble salts on the surface blasted with 







































4.3.4. Adhesion test results 
 
The tensile pull-off adhesion testing method was performed according to the ASTM 4541 to 
assess the performance of the coating adhesion on the different blasted surfaces.  The test results 
provide quantitative values of the force at which the coating failed expressed in (MPa) and 
images of the type of failure obtained on the coating system.  Figure 64 below show the different 
mode of coating failure using the ASTM 4541 test method, where:   
• Adhesion failure: is defined as the failure occurring between layers of paint or between 
the substrate and the paint.   
• Cohesion failure: is defined as break or failure within one coat film of paint and 
• Glue failure: is defines as a failure occurring between the glue and the paint or the glue 
and the dolly.   
 
 
Figure 64. Mode of failure of the coating [82]. 
 
Figure 65 shows the effect of adhesion strength measured over the unblasted surface and the 
different surfaces.  The adhesion test was performed directly after the coated sample cured (the 
process in which the coating toughens and hardens) at ambient temperature condition in the 







Figure 65. Effect of coating adhesion strength on the different blasted samples and 
the unblasted 304L sample. 
 
Typically, higher adhesion strength value means a better adhesion of the coating to the 
substrate.  In general, the factor affecting the bond strength of a cured coating is the interfacial 
phenomena between the substrate and the coating such as the surface profile and contaminants 
(soluble salts, moisture plus embedded particles) as disused in the above sections and also the 
properties of the coating (porosity, density, etc.).  The images of the different mode of failure 
can be seen in Figure 66 and Figure 67 below: 
 
 






















































Figure 67. Images of the type of coating failure on the different blasted surfaces. (a) 




The image in Figure 66 above illustrates the adhesive mode of failure on the unblasted surface 
and images in Figure 67 indicate that in all the blasting conditions the mode of failure tends to 
be a cohesive fracture within the paint.  This means that the epoxy type of paint used provides 
a better mechanical anchoring to the blasted stainless steel (in all the blasting conditions 
performed) compared to the cleaned unblasted surface.   
 
Commonly the durability of the coating adhesion to the surface can greatly vary with time 
depending on the type of coating, the condition of the surface underneath the coating and the 
exposure environment.  And, the mode failure of the substrate/coating system usually changes 
from cohesive (within the paint) to adhesive (at the interface of the coating and the substrate) 
and the adhesion strength decrease.  A study conducted by Hugh et al [71] on the effect of peak 
count (surface profile parameter) on coating performance after 5,000 hours of exposure in a salt 
spray show how the adhesion strength decreased with increased exposure time at the different 
level of peak count (see Table 11 below).   
 
Table 11. Pull-off adhesion data for coated panels exposed in salt spray [71] 
Exposure time (h) 
(Hours) 
Adhesion strength (MPa) 
(MPa) 
























When comparing the adhesion strength with the different types of abrasives used, there was no 
significant difference in the adhesion strength measured on the surface blasted with steel grit 
and aluminium oxide.   The measurement obtained on both mentioned surfaces was higher (4,52 
and 4,43 MPa) compared to the surface blasted with platinum grit (3,45) and garnet (2,3).  This 
shows how the adhesion of the coating is better on the greater surface area obtained after 
abrasive blasting (describe in section 4.3.1).  The same observation was found by Vitosyte et al 
[83] after evaluating the adhesion of three different types of acrylic-polyurethane coating 
systems on wood sanded with different sizes of abrasive materials.  Their study demonstrates 
how the surface area (wood) increased by increasing some roughness parameters and thus also 


























CONCLUSIONS AND RECOMMENDATIONS 
 
The aim of this study was to characterize four different locally-produced abrasives (aluminium 
oxide, garnet, steel grit and platinum grit) used for surface preparation on grade 304L austenitic  
stainless steel and evaluate their effect under specific controlled blasting condition on the 
surface profile, surface contamination and particle embedment, corrosion and, adhesion using 
a two-component zinc-phosphate type of epoxy paint in order to find the best abrasive material 
suitable for surface preparation of new stainless-steel 304L.  The results from the different 
conducted tests have been illustrated and discussed in the previous chapter and this chapter 




From the actual study the following conclusions can be drawn: 
  
➢ The four abrasive materials used were classified as MacroAbrasive as their particle size 
ranged from 90 µm up to 1700 µm.  Three of the abrasives had a more angular shape 
(aluminium oxide, steel grit and platinum grit) and one a more spherical shape (garnet). 
 
➢ The soluble salts content in all abrasives were found to be acceptable for surface 
preparation before application of any type of coating system as none of them exceeds 
the required conductance level according to the SSPC AB 1 standard.  Of the four 
abrasives, aluminium oxide and garnet had higher salts content with conductivities of 
585 μS/cm and 415 μS/cm respectively. 
 
➢ The chemical analysis of abrasives revealed that the natural abrasives used contain 
lower silica percentage than slag.  The highest percentage of silica content was found in 
platinum slag grit (35, 33%) in comparison to the other abrasive. 
 
➢ The surface profile was affected by the proprieties of the abrasives, mainly the size and 
shape.  The greater surface area was obtained when blasting with steel grit and 
aluminium oxide where the highest-profile height parameters (Sa =18,2 μm and Sq = 
22,3 μm) were obtained with steel grit and the highest number of peaks (Spd = 39,1 




with platinum grit (Sv = 89,8 μm) and the use of garnet abrasive created a less rough 
surface compared to the other abrasives [60].   
 
➢ The transfer of salt contaminants onto the blasted surfaces increased as the embedment 
of abrasive particles on the surface increased and with a higher level of contamination 
of the abrasives.  Platinum grit embeds the most on the surface compared to the three 
other abrasives and the presence of salt contaminants on the substrate blasted with 
platinum grit was found to be 26 mg/ m2 from 156 μS/cm in the platinum grit abrasive 
tested through conductivity measurement.  The surface blasted with aluminium oxide 
exhibited the maximum presence of soluble salts (29 mg/ m2) as the level of salts 
measured in aluminium oxide abrasive was the highest (585 μS/cm). 
 
➢ Abrasive blasting negatively influences the corrosion rate of stainless steel 304L.  The 
use of steel grit abrasive for surface preparation on stainless-steel substrate and the 
presence of salts contaminants on surfaces after the blasting operation increase the 
corrosion rate.  The highest corrosion rate was found on the surface blasted with steel 
grit (0,091 mm/y). this was significantly more than what was the case with the surface 
blasted platinum grit (0,014 mm/y), aluminium oxide (0,013 mm/y) and garnet (0,011 
mm/y).    
 
➢ Abrasive blasting significantly increased the adhesion of the coating onto the grade 
304L austenitic stainless steel substrate. The adhesion of the two-component zinc-
phosphate type of epoxy coating applied onto the different blasted surfaces increased 
by increasing the substrate surface area by blasting.  Greater adhesion strength was 
measured on the surface blasted with steel grit (4,52 MPa) and aluminium oxide (4,43 
MPa).   
 
➢ Considering the general performance of the four types of abrasives materials used for 
surface preparation of the grade 304L stainless steel, aluminium oxide exhibits more 
performance characteristics (e.g. better surface profile uniformity, less abrasive 
particles embedment, low corrosion rate and good adhesion strength of the coating used) 
based on the study parameters considered and the tests conducted.   Although the 
amount of soluble salts in aluminium oxide abrasive and on the stainless steel substrate 




acceptance requirement of the coating industry.  The use of aluminium oxide also 
presents the advantage to be recycled. 
 
5.2. Recommendations for future study 
 
From the results obtained in the current study, standards performance of abrasive materials for 
surface preparation can be improved.  As only four types of abrasives were evaluated and only 
on a single substrate, further study should be performed as was done in the actual one by 
introducing more types of abrasives and on more types of substrates.  Furthermore, generic 
types of coatings should also be included in the study.  This will form the foundation of a very 
valuable database that can be transformed into a useful AI system.   More types of abrasives 
can also be utilized to evaluate their performance characteristics on the different corroded 
grades of various metallic substrates. 
 
According to this research, it has been concluded that aluminium oxide is the recommended 
abrasive for surface preparation of stainless steel 304L restricted to specific blasting parameters 
and the size of abrasive particles.  The effect of varying aluminium oxide abrasive particle’ s 
size at different blasting parameters (angle of impact, stand-off distance, blasting pressure and 
blasting time) to evaluate the productivity and consumption during the blasting operation should 
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Appendix 1  
 








Pressure at the nozzle (psi) 
50 60 70 80 90 100 125 
No 2 Air 11 13 15 17 18,5 20 25 
Abrasive 67 77 88 101 112 123 152 
Compressor 2,5 3 3,5 4 4,5 5 5,5 
No 3 Air 26 30 33 38 41 45 55 
Abrasive 150 171 196 216 238 264 319 
Compressor 6 7 8 9 10 10 12 
No 4 Air 47 54 61 68 74 81 98 
Abrasive 268 312 354 408 448 494 608 
Compressor 11 12 14 16 17 18 22 
No 5 Air 77 89 101 113 126 137 168 
Abrasive 468 534 604 672 740 812 982 
Compressor 18 20 23 26 28 31 37 
No 6 Air 108 126 143 161 173 196 237 
Abrasive 668 764 864 960 1052 1152 1393 
Compressor 24 28 32 36 39 44 52 
No 7 Air 147 170 194 217 240 254 314 
Abrasive 896 1032 1176 1312 1448 1584 1931 
Compressor 33 38 44 49 54 57 69 
No 8 Air 195 224 252 280 309 338 409 
Abrasive 1160 1336 1512 1680 1856 2024 2459 







Appendix 2. Abrasive datasheets 
 































































































































Appendix 3. Chemical analysis by Spark Emission Spectrometer of stainless 
steel substrate before abrasive blasting 
 
Table 13. Stainless steel specimen spark test results 
 





























Appendix 5. Abrasive particle size distribution data 
A. Sieve analysis data for Garnet 





sample (g) % of total  
Cumulative 




(g) *opening (mm)  
12 0 0 0 1.7 0 
20 0.07 0.01402 0.01402 0.85 0.0595 
25 0.03 0.006009 0.020028 0.71 0.0213 
35 110.86 22.20353 22.22356 0.5 55.43 
45 263.42 52.75892 74.98248 0.355 93.5141 
60 120.26 24.0862 99.06868 0.25 30.065 
70 0.16 0.032046 99.10072 0.212 0.03392 
80 3.87 0.775101 99.87582 0.18 0.6966 
100 0.45 0.090128 99.96595 0.15 0.0675 
120 0.09 0.018026 99.98398 0.125 0.01125 
170 0.05 0.010014 99.99399 0.09 0.0045 
Pan 0.03 0.006009 100 0.063 0.00189 
 499.29     
 
B. Sieve analysis data for aluminium oxide 





sample (g) % of total  
Cumulative 
% of total 
Nominal sieve 
opening (mm) 
retained sample (g) 
*opening (mm)  
12 0 0 0 1.7 0 
20 0 0 0 0.85 0 
25 0 0 0 0.71 0 
35 1.98 0.396396 0.396396 0.5 0.99 
45 74.25 14.86486 15.26126 0.355 26.35875 
60 0.9 0.18018 15.44144 0.25 0.225 
70 256.75 51.4014 66.84284 0.212 54.431 
80 87.99 17.61562 84.45846 0.18 15.8382 
100 46.25 9.259259 93.71772 0.15 6.9375 
120 24.23 4.850851 98.56857 0.125 3.02875 
170 5.61 1.123123 99.69169 0.09 0.5049 
Pan 1.54 0.308308 100 0.063 0.09702 







C. Sieve analysis data for steel grit 





sample (g) % of total  
Cumulative 




(g) *opening (mm)  
12 0 0 0 1.7 0 
20 119.66 11.9672 11.9672 0.85 101.711 
25 348.92 34.89549 46.86269 0.71 247.7332 
35 529.67 52.9723 99.83498 0.5 264.835 
45 0.25 0.025003 99.85999 0.355 0.08875 
60 0.05 0.005001 99.86499 0.25 0.0125 
70 0.59 0.059006 99.92399 0.212 0.12508 
80 0.32 0.032003 99.956 0.18 0.0576 
100 0.21 0.021002 99.977 0.15 0.0315 
120 0.1 0.010001 99.987 0.125 0.0125 
170 0.08 0.008001 99.995 0.09 0.0072 
Pan 0.05 0.005001 100 0.063 0.00315 
 999.9     
 
D. Sieve analysis data for platinum grit 





sample (g) % of total  
Cumulative 




(g) *opening (mm)  
12 1.07 0.214039 0.214039 1.7 1.819 
20 332.07 66.42596 66.64 0.85 282.2595 
25 53.16 10.63391 77.27391 0.71 37.7436 
35 71.05 14.21256 91.48647 0.5 35.525 
45 27.33 5.466984 96.95345 0.355 9.70215 
60 12.51 2.50245 99.4559 0.25 3.1275 
70 0.11 0.022004 99.47791 0.212 0.02332 
80 1.59 0.318057 99.79596 0.18 0.2862 
100 0.6 0.120022 99.91598 0.15 0.09 
120 0.3 0.060011 99.976 0.125 0.0375 
170 0.09 0.018003 99.994 0.09 0.0081 
Pan 0.03 0.006001 100 0.063 0.00189 




































Appendix 7. Corrosion test of stainless steel 304L substrate before and after 








Corrosion test of stainless steel 304L substrate before abrasive blasting and blasted with 






























































Corrosion test of stainless steel 304L substrate before abrasive blasting and blasted with 






























































 (b)  
 
Corrosion test of stainless steel 304L substrate before abrasive blasting and blasted with steel 









































































Corrosion test of stainless steel 304L substrate before abrasive blasting and blasted with 

























































Appendix 8. SEM micrographs of the different blasted surfaces and EDS 
analysis test results. 
 
A. Substrate blasted with Garnet 
 
SEM micrograph of surface blasted with Garnet. 
 
EDS test result 
Element Weight% Atomic%  
    
Mg K 2.28 4.59  
Al K 2.55 4.62  
Si K 7.28 12.66  
Ca K 0.70 0.85  
Ti K 1.00 1.02  
Cr K 16.27 15.29  
Fe K 64.40 56.37  
Ni K 5.52 4.60  
    
Totals 100.00   
 
 
Processing option : All elements analyzed (Normalised) 






B. Substrate blasted with aluminium oxide 
 
SEM micrograph of surface blasted with aluminium oxide 








Al K 53.69 63.71  
Si K 12.42 14.16  
S K 0.77 0.77  
Cl K 0.72 0.65  
K K 0.74 0.61  
Ca K 4.82 3.85  
Ti K 8.49 5.68  
Cr K 1.25 0.77  
Fe K 17.11 9.81  
Totals 100.00   
 
 
Processing option : All elements analyzed (Normalised) 








C. Substrate blasted with steel grit 
 
SEM micrograph of surface blasted with steel grit 
 








Si K 0.90 1.75  
S K 0.65 1.12  
Cr K 4.19 4.42  
Mn K 0.66 0.66  
Fe K 92.63 91.13  
Ni K 0.98 0.92  
Totals 100.00   
 
 
Processing option : All elements analyzed (Normalised) 








D. Substrate blasted with platinum grit 
 
SEM micrograph of surface blasted with platinum grit 
 








Mg K 19.12 24.76  
Al K 5.04 5.89  
Si K 42.82 48.02  
Ca K 11.78 9.26  
Cr K 2.31 1.40  
Fe K 18.93 10.67  
Totals 100.00   
    
 
 
Processing option: All elements analyzed (Normalised) 
Number of iterations = 2 
 
 
 
 
